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(54) DOUBLE-TALK DETECTION DEVICE, ECHO CANCELLER USING DOUBLE-TALK 

DETECTION DEVICE AND ECHO SUPPRESSOR USING DOUBLE-TALK DETECTION DEVICE 



(57) A first pseudo-echo signal approximating an 
echo of a reception signal superposed on a transmis- 
sion signal is produced from a delayed reception signal 
corresponding to a past time according to filer coeffi- 
cients, and a first residual signal is produced from the 
first pseudo-echo signal and a delayed transmission 
signal. Also, the filer coefficients are renewed to reduce 
the first residual signal. Therefore, when a single-talk 
state based on a far-end caller's voice of the reception 
signal is changed to a double-talk state by adding a 
near-end caller* voice to the transmission signal, the first 
filter coefficients deteriorate. Also, a second pseudo- 
echo signal is produced from a reception signal cur- 
rently received according to the first filter coefficients 
renewed. Because a time difference exists between the 
signals corresponding to the renewal of the first filter 
coefficients and the production of the second pseudo- 
echo signal, a deterioration factor is indicated in a 
delayed second residual signal produced from the sec- 
ond pseudo-echo signal, so that the double-talk state 
can be detected according to a difference between the 
first residual signal and the delayed second residual sig- 
nal. 
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Description 
TECHNICAL FIELD 

[0001] The present invention relates to a double- 
talk detecting apparatus in which a state of a double talk 
performed by both a near-end caller and a far-end caller 
through a transnnission path in a two-way communica- 
tion system is detected. Also, the present Invention 
relates to an echo canceller and an echo suppressor in 
which an echo occurring on a near-end caller's side in 
the double-talk detecting apparatus is cancelled or sup- 
pressed. 

BACKGROUND ART 

[0002] A conventional double-talk detecting appara- 
tus is, for example, disclosed in the Japanese Published 
Unexamined Patent Application No. H1 0-242891 . In this 
application, an echo canceller, in which a first conven- 
tional double-talk detecting method A and a second 
conventional double-talk detecting method B are per- 
formed for the purpose of con^ectty performing the 
renewal of filter coefficients used in an adaptive fitter, 
are described. 

[0003] In detail, in a two-way communication sys- 
tem, a transmission signal is received from a near-end 
caller, a reception signal is received from a far-end 
caller, a convolution calculation using the filter coeffi- 
cients is perfomned for the reception signal in the adap- 
tive filter to produce a pseudo-echo signal, the pseudo- 
echo signal is subtracted from the transmission signal in 
a subtracting unit to produce a residual signal (or called 
an en'or signal), and the filter coefficients are renewed 
according to the residual signal. In the first conventional 
double-talk detecting method A, the judgment whether 
or not a double-talk is performed by both the near-end 
caller and the far-end caller is performed by using three 
equations (1) to (3) using a root-mean-square level (or 
an average amplitude level, and called a level hereinaf- 
ter) S of the transmission signal, a level X of the recep- 
tion signal and a level E of the residual signal. 

X<p1 (1) 

S > p2*X (here, p2 s 0.5) (2) 

E > p3*S (3) 

Here, each of the coefficients PI , p2 and p3 is a con- 
stant. Values of the constants PI, p2 and p3 are deter- 
mined according to environmental conditions of the 
double-talk detecting apparatus. 
[0004] The judgment of the double-talk is per- 
formed according to three conditions. 

First Condition: the equation (1 ) is satisfied. 
Second Condition: the equation (1) is not satisfied, 



but the equation (2) is satisfied. 
Third Condition: neither the equation (1 ) nor the 
equation (2) is satisfied, but the 
equation (3) is satisfied. 

5 

[0005] In cases where the first condition is satisfied, 
a voiceless state of the reception signal is detected, so 
that a single-talk state is judged. In cases where the 
second or third condition is satisfied, it is judged that the 
10 near-end and far-end callers are in a double-talk state. 
[0006] In the second conventional double-talk 
detecting method B, the judgment whether or not a dou- 
ble-talk is perfonned is perfonned by using two equa- 
tions (4) to (5). 

15 

Sj/Ej < C2*SM/EM (C2 = 1/2) (4) 
Sj/Ej < CI *SM/EM (CI = 1/4) (5) 

20 Here, the symbol SM denotes a level of the transmis- 
sion signal obtained when the filter coefficients of the 
adaptive filter are sufficiently converged in a single-talk 
state in which only the voice of the far-end caller is 
present (that is, the near-end caller is not speaking), the 

25 symbol EM denotes a level of the residual signal at the 
detemrii nation time of the level SM, the symbol Sj 
denotes a current level of the transmission signal, and 
the symbol Ej denotes a cun-ent level of the residual sig- 
nal. In cases where the equation (4) or the equation (5) 

30 is satisfied, it is judged that the near-end and far-end 
callers are in a double-talk state at the cun-ent time. 
[0007] Also, in the Application No. H10-242891, a 
first conventional echo canceller and a second conven- 
tional echo canceller are disclosed. In the first conven- 
es tional echo canceller, the renewal operation for the filter 
coefficients of the adaptive filter is stopped in cases 
where the first condition, the second condition or the 
third condition is satisfied according to the first conven- 
tional double-talk detecting method A. Also, in the sec- 

40 ond conventional echo canceller, the renewal operation 
for the filter coefficients of the adaptive filter is stopped 
in cases where the equation (4) or the equation (5) is 
satisfied according to the second conventional double- 
talk detecting method B. 

45 [0008] Also, a conventional echo suppressor is, for 
example, disclosed in the International Telecommunica- 
tion Union (ITU)-T Recommendation G.164. This echo 
suppressor is composed of a transmission path loss 
unit, a receiving line loss unit and a double-talk detect- 

50 ing unit. A line loss in the transmission path loss unit 
and a line loss in the receiving line loss unit are deter- 
mined according to a detecting result obtained in the 
double-talk detecting unit. 

[0009] Also, another conventional double-talk 
55 detecting method is disclosed in Figure 6/G.164 and 
Rgure 1G/G.164 of the ITU-T Recommendation G.164. 
In this method, a double-talk is detected by using only 
two inputs of a reception signal and a transmission sig- 
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nal. Therefore, the accuracy of the detection in this 
method is inferior to those of the first conventional dou- 
ble-talk detecting method A and the second conven- 
tional double-talk detecting method B. 
[001 OJ There are two types of state transitions for 5 
which the detection of a double-talk state is required. 
[0011] in a first state transition, a single-talk state, 
in which only the voice of the far-end caller is present, is 
changed to a double-talk state in which a voice of the 
near-end caller is added to the voice of the far-end io 
caller. 

[0012] In a second state transition, a single-talk 
state, in which a voice of the near-end caller only exists, 
is changed to a double-talk state in which a voice of the 
far-end caller is added to the voice of the near-end is 
caller. 

[001 3] A double-talk state in the case of the second 
state transition can be detected according to any con- 
ventional double-talk detecting method. The reason Is 
that a double-talk state can be detected by judging that 20 
a voiceless state of the reception signal is changed to a 
voiced state when a single-talk state based on the exist- 
ence of a near-end caller's voice is changed to a dou- 
bie-talk state. For example, the double-talk state is 
detected in the first conventional double-talk detecting 25 
method A when the second condition is satisfied. 
[0014] However, the detection of the double-talk 
state in the case of the first state transition is difficult as 
compared with that In the case of the second state tran- 
sition. The reason is that it is required to detect the 30 
existence of a near-end caller's voice, on which an echo 
signal derived from a reception signal is superposed in 
a transmission signal, when a single-talk state based on 
the existence of a far-end caller's voice is changed to a 
double-talk state. 35 
[0015] Various drawbacks in the detection of the 
double-talk state in the case of the first state transition 
are described hereinafter. 

[0016] Drawbacks in the first conventional double- 
talk detecting method A are as follows. 40 
[0017] (First Drawback) It is required to determine 
values of the coefficients P2 and P3 used in the equa- 
tions (2) and (3) in advance according to the environ- 
mental conditions. Therefore, the use of the first 
conventional double-talk detecting method A is limited 45 
to a two-way communication system matching with the 
environmental conditions con^esponding to the con- 
stants P2 and P3. 

[0018] (Second Drawback) In cases where a dou- 
ble-talk state is detected because the third condition is so 
satisfied, a ratio of a residual signal level E to a trans- 
mission signal level S becomes a value higher than the 
constant value P3. In this condition of the echo cancel- 
ler disclosed in the Application No. HI 0-242891 , the fit- 
ter coefficients of the adaptive filter considerably 55 
deteriorate as compared with ideal filter coefficients 
used to perfomri an impulse response which is almost 
the same as an actual impulse response of an echo 



path through which an echo signal of the reception sig- 
nal is superposed on a near-end caller's voice. The 
pseudo-echo signal which are derived from the recep- 
tion signal according to a convolution calculation of an 
impulse response using the deteriorating filter coeffi- 
cients have an excessive factor corresponding to the 
deterioration of the filter coefficients as compared with 
an ideal pseudo-echo signal corresponding to the ideal 
filter coefficients. As a result, a ratio of the residual sig- 
nal level E, which is obtained after the subtraction of the 
subtracting circuit, to the level S of the transmission sig- 
nal, which is input to the subtracting circuit as an adding 
factor, becomes a value higher than the constant value 
P3. Therefore, in this double-talk detecting method A, 
because the double-talk state is detected when the filter 
coefficients have considerably deteriorated after a con- 
siderable passage of time from the occurrence of the 
double-talk state, the detection of the double-talk state 
is necessarily delayed. Therefore, this long detection 
delay causes various troubles in the first conventional 
double-talk detecting method A. 
(001 9] Also, a drawback in the second conventional 
double-talk detecting method B is as follows. 
[0020] (First Drawback) The levels SM and EM 
denote average levels of the transmission signal and the 
residual signal obtained after the filter coefficients are 
sufficiently converged. Therefore, it is required to judge 
whether or not the filter coefficients are sufficiently con- 
verged. Also, the judgment mainly depends on the 
detection of the double-talk state. Accordingly, there is a 
high possibility that the double-talk state is en-oneously 
detected in cases where the judgment of the sufficient 
conversion for the filter coefficients is performed to 
detect the double-talk state. 

[0021] The present invention is proposed to solve 

the above drawbacks. 

[0022] An object of the present invention is to pro- 
vide a double-talk detecting apparatus in which a dou- 
ble-talk state is detected white lessening a detection 
delay and without depending on any environmental con- 
ditions on condition that it is not required to judge 
whether or not filter coefficients are sufficiently con- 
verged. Also, a subordinate object of the present inven- 
tion is to provide an echo canceller, using the double- 
talk detecting apparatus, in which an echo of a far-end 
caller's voice is cancelled in order to transmit a near-end 
caller's voice at a high speech quality while suppressing 
the deterioration of filter coefficients of an adaptive filter 
to a minimum. Also, another subordinate object of the 
present invention is to provide an echo suppressor, 
using the double-talk detecting apparatus, in which an 
echo of a far-end caller's voice is suppressed in a dou- 
ble-talk state while reducing the interruption (or chop- 
ping) of a conversation between the far-end caller and a 
near-end caller. 
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DISCLOSURE OF THE INVENTION 

[0023] The object of the present invention is 
achieved by the provision of a double-tall< detecting 
apparatus, comprising: 

first adaptive filtering means for renewing first filter 
coefficients according to both a first residual signal, 
which is obtained from a transmission signal, indi- 
cates an echo component derived from a reception 
signal in the single-talk state and indicates the 
superposition of the echo component and a voice of 
a first caller in the double-talk state, and a first 
pseudo-echo signal, which approximates the echo 
component, and producing the first pseudo-echo 
signal from the reception signal according to the 
first filter coefficients renewed, the first fitter coeffi- 
cients deteriorating in the double-talk state; 
non-adaptive filtering means for producing a sec- 
ond pseudo-echo signal, in which a deterioration 
factor indicating the deterioration of the first filter 
coefficients renewed is included in the double-talk 
state, from the reception signal according to the first 
fifter coefficients which are renewed by the first 
adaptive filtering means according to the first resid- 
ual signal; 

delaying means for delaying, by a prescribed time- 
period, the reception signal which corresponds to a 
past time prior to a current time by the prescribed 
time-period and is input to the first adaptive filtering 
means, the reception signal which corresponds to 
the past time and is input to the non-adaptive filter- 
ing means or the transmission of the first filter coef- 
ficients renewed by the first adaptive filtering means 
at the past time to the non-adaptive filtering means 
to make the first adaptive filtering means produce 
the first pseudo-echo signal corresponding to the 
past time, to make the non-adaptive filtering means 
produce the second pseudo-echo signal corre- 
sponding to the past time or to produce the first filter 
coefficients corresponding to the past time; 
first subtracting means for subtracting the first 
pseudo-echo signal produced by the first adaptive 
filtering means from the transmission signal corre- 
sponding to the current or past time, which is the 
same as that of the first pseudo-echo signal, to pro- 
duce the first residual signal, which does not have 
the echo component included in the transmission 
signal in the single-talk state, and transmitting the 
first residual signal to the first adaptive filtering 
means; 

second subtracting means for subtracting the sec- 
ond pseudo-echo signal produced by the non- 
adaptive filtering means from the transmission sig- 
nal corresponding to the cun*ent or past time, which 
is the same as that of the second pseudo-echo sig- 
nal, to produce a second residual signal which indi- 
cates the deterioration factor in the double-talk 



state and approximates the first residual signal in 
the single-talk state; and 

detecting means for detecting the double-talk state 
according to a difference between the second 
5 residual signal produced by the second subtracting 
means and the first residual signal produced by the 
first subtracting means. 

[0024] In the above configuration, a first pseudo- 
10 echo signal is produced from a reception signal by the 
first adaptive filtering means, and a second pseudo- 
echo signal is produced from a reception signal by the 
non-adaptive filtering means according to the renewed 
first filter coefficients transmitted from the first adaptive 
15 filtering means. Thereafter, a first residual signal is pro- 
duced from the first pseudo-echo signal and a transmis- 
sion signal by the first subtracting means, a second 
residual signal is produced from the second pseudo- 
echo signal and a transmission signal by the second 
20 subtracting means, and the double-talk state is detected 
by the detecting means according to the first residual 
signal and the second residual signal. In this case, the 
first pseudo-echo signal or the second pseudo-echo 
signal is produced from the reception signal confe- 
ss spending to the past time, or the second pseudo-echo 
signal is produced according to the renewed first filter 
coefficients corresponding to the past time. Therefore, a 
deterioration factor indicating the deterioration of the 
first filter coefficients renewed is included in the second 
3o pseudo-echo signal in the double-talk state. 

[0025] Accordingly, the transition from the single- 
talk state to the double-talk state can be detected while 
lessening a detection delay and without depending on 
any environmental conditions on condition that it is not 
35 required to judge whether or not the first filter coeffi- 
cients are sufficiently converged. 
[0026] It is preferred that the delaying means com- 
prises: 

40 first delaying means for receiving the reception sig- 
nal con-esponding to the past time and delaying the 
reception signal by the prescribed time-period to 
produce a delayed reception signal, the first 
pseudo-echo signal being produced from the 

45 delayed reception signal by the first adaptive filter- 
ing means; and 

second delaying means for receiving the transmis- 
sion signal con'esponding to the past time from the 
first caller and delaying the transmission signal by 

50 the prescribed time-period to produce a delayed 
transmission signal, the first pseudo-echo signal 
being subtracted from the delayed transmission sig- 
nal by the first subtracting means, the second 
pseudo-echo signal is produced from the reception 

55 signal corresponding to the current time by the non- 
adaptive filtering means, 

the second pseudo-echo signal is subtracted from 
the transmission signal corresponding to the cur- 
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rent time by the second subtracting means, 
the first filter coefficients renewed by the first adap- 
tive filtering means at the cun-ent time are transmit- 
ted to the non-adaptive filtering means, and 
the double-tall( detecting apparatus further com- 5 
prises 

third delaying means for delaying the second resid- 
ual signal produced by the second subtracting 
means by the prescribed time-period to produce a 
delayed second residual signal, the double-talk 10 
state being detected according to the difference 
between the delayed second residual signal and 
the first residual signal. 

[0027] In the above configuration, in cases where a is 
talk state is in the single-talk state, because no voice of 
the first caller (for example, a near-end caller) exists in 
the transmission signal, the first filter coefficients are 
con^ectty renewed by the first adaptive filtering means to 
make the first pseudo-echo signal approximate the echo 20 
component, so that the first residual signal is minimized. 
Also, because the first filter coefficients are correctly 
renewed, the second pseudo-echo signal produced by 
the non-adaptive filtering means according to the first fil- 
ter coefficients renewed approximates the echo compo- 25 
nent. Therefore, the delayed second residual signal 
produced from the second pseudo-echo signal 
becomes almost the same as the first residual signal. 
Therefore, the difference between the delayed second 
residual signal and the first residual signal is small. 30 
Therefore, no double-talk signal is detected by the 
detecting means. 

[0028] In contrast, in cases where the talk state is 
changed from the single-talk state to the double-talk 
state, because a voice of the first caller exists with the 35 
echo component in the transmission signal, the first fil- 
ter coefficients are not correctly renewed by the first 
adaptive filtering means, so that the first filter coeffi- 
cients renewed deteriorate. In this case, though the first 
filter coefficients are renewed to reduce the first residual 40 
signal regardless of whether or not the first pseudo- 
echo signal produced by the first adaptive filtering 
means approximates the echo component, a deteriora- 
tion factor is included in the second pseudo-echo signal 
produced by the non-adaptive filtering means because 45 
of a time difference between the first residual signal 
used to renew the first filter coefficients and the recep- 
tion signal processed by the non-adaptive filtering 
means. Therefore, the deterioration factor is indicated 
by the delayed second residua) signal, so that the differ- so 
ence between the delayed second residual signal and 
the first residual signal becomes large. As a result, the 
double-talk signal is immediately detected by the 
detecting means according to the difference. 
[0029] Accordingly, because a deterioration degree ss 
of the first filter coefficients is estimated according to a 
difference between the delayed second residual signal 
and the first residual signal, it is not required to judge 



whether or not the first filter coefficients are sufficiently 
converged, and the double-talk state can be reliably 
detected while lessening a detection delay and without 
depending on any environmental conditions. 
[0030] It Is also preferred that the delaying means 
comprises: 

first delaying means for receiving the reception sig- 
nal corresponding to the past time and delaying the 
reception signal by the prescribed time-period to 
produce a delayed reception signal corresponding 
to the past time, the second pseudo-echo signal 
being produced from the delayed reception signal 
by the non-adaptive filtering means; and 
second delaying means for receiving the transmis- 
sion signal con-esponding to the past time from the 
first caller and delaying the transmission signal by 
the prescribed time-period to produce a delayed 
transmission signal, the second pseudo-echo sig- 
nal being subtracted from the delayed transmission 
signal by the second subtracting means, 
the first pseudo-echo signal is produced from the 
reception signal corresponding to the current time 
by the first adaptive filtering means, 
the first pseudo-echo signal is subtracted from the 
transmission signal corresponding to the cun-ent 
time by the first subtracting means, 
the first filter coefficients renewed by the first adap- 
tive filtering means at the cun-ent time are transmit- 
ted to the non-adaptive filtering means, and 
the double-talk detecting apparatus further com- 
prises 

third delaying means for delaying the first residual 
signal produced by the first subtracting means by 
the prescribed time-period to produce a delayed 
first residual signal, the double-talk state being 
detected according to the difference between the 
second residual signal and the delayed first residual 
signal. 

[0031] In the above configuration, because the first 
filter coefficients renewed by the first adaptive filtering 
means deteriorate in the double-talk state and because 
a time difference between the first residual signal used 
to renew the first filter coefficients and the delayed 
reception signal processed by the non-adaptive filtering 
means occurs, a deterioration factor is included in the 
second pseudo-echo signal, so that a difference 
between the second residual signal and the delayed first 
residual signal becomes large in the double-talk state. 
Therefore, the double-talk state can be immediately 
detected by the detecting means. 
[0032] Accordingly, because a deterioration degree 
of the first filter coefficients is estimated according to a 
difference between the second residual signal and the 
delayed first residual signal, it is not required to judge 
whether or not the first filter coefficients are sufficiently 
converged, and the double-talk state can be reliably 
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detected while lessening a detection delay and without 
depending on any environmental conditions. 
[0033] It is also prefen'ed that the delaying means 
comprises: 

fitter coefficient storing means for storing a group of 
the first filter coefficients renewed by the first adap- 
tive filtering means each time the group of the first 
fitter coefficients is renewed by the first adaptive fil- 
tering means and outputting the group of the first fil- 
ter coefficients corresponding to the past time to the 
non-adaptive filtering means, the second pseudo- 
echo signal being produced from the reception sig- 
nal con-esponding to the current time according to 
the first fitter coefficients corresponding to the past 
time, the first pseudo-echo signal is produced from 
the reception signal corresponding to the cun^ent 
time by the first adaptive filtering means, 
the first pseudo-echo signal is subtracted from the 
transmission signal corresponding to the current 
time by the first subtracting means, and 
the second pseudo-echo signal is subtracted from 
the transmission signal corresponding to the cur- 
rent time by the second subtracting means. 

[0034] In the above configuration, the transmission 
of the group of the first filter coefficients renewed by the 
first adaptive filtering means to the non-adaptive filtering 
means is substantially delayed by the filter coefficient 
storing means. Therefore, the second pseudo-echo sig- 
nal is produced from the reception signal corresponding 
to the current time according to the group of the first fil- 
ter coefficients corresponding to the past time, so that 
the transition from the single-talk state to the double-talk 
state is detected. 

[0035] Accordingly, because a deterioration degree 
of the first fitter coefficients is estimated according to a 
difference between the second residual signal and the 
first residual signal, it is not required to judge whether or 
not the first filter coefficients are sufficiently converged, 
and the double-talk state can be reliably detected white 
lessening a detection delay and without depending on 
any environmental conditions. 

[0036] It is also preferred that the double-talk 
detecting apparatus further comprises: 

fitter coefficient transmission control means for con- 
trolling the transmission of a group of the first filter 
coefficients renewed by the first adaptive filtering 
means to the fitter coefficient storing means 
according to a double-talk state detecting result 
obtained by the detecting means each time the 
group of the first filter coefficients is renewed by the 
first adaptive filtering means, the group of the first 
fitter coefficients being stored in the fitter coefficient 
storing means in cases where the group of the first 
filter coefficients is adopted by the filter coefficient 
transmission control means. 



[0037] In the above configuration, a group of the 
first filter coefficients renewed by the first adaptive filter- 
ing means is, for example, suddenly changed though 
the single-talk state is continued. In this case, because 

5 it is assumed that the group of the first fitter coefficients 
renewed considerably deteriorates, it is better that the 
group of the first fitter coefficients renewed is aban- 
doned. Also, the steady condition of the reception signal 
continues, for example, for a long time in the single-talk 

10 state, so that a plurality of groups of the first fitter coeffi- 
cients renewed by the first adaptive filtering means are 
almost the same as each other. In this case, it is better 
that the groups of the renewed first filter coefficients 
almost the same as each other are abandoned. 

15 [0038] In this double-talk detecting apparatus, it is 
detected according to the double-talk detecting result 
whether or not a talk state is the single-talk state or the 
double-talk state. In cases where it is desired to aban- 
don the group of the cun'ently-renewed first filter coeffi- 

20 cients, the group of the cun-ently-renewed first filter 
coefficients is not adopted. 

[0039] In contrast, in cases where the group of the 
currently-renewed first filter coefficients is adopted, the 
group of the currently-renewed first filter coefficients Is 

25 stored in the filter coefficient storing means. 

[0040] Accordingly, because the group of the first fil- 
ter coefficients cun-ently renewed by the first adaptive 
filtering means is not adopted in cases where the group 
of the currently-renewed first filter coefficients is not 

30 desired, a memory capacity of the filter coefficient stor- 
ing means can be reduced, and the double-talk state 
can be stably detected. 

[0041] It is also prefenred that the non-adaptive fil- 
tering means comprises 

35 

N non-adaptive filtering units (N is an integer) for 
respectively producing a j-th pseudo-echo signal 
G=2,3,-, N+1), in which a deterioration factor indi- 
cating the deterioration of the first fitter coefficients 

40 renewed is included in the double-talk state, from 
the reception signal corresponding to the current 
time according to one group of the first filter coeffi- 
cients stored in the filter coefficient storing means, 
the N groups of the first filter coefficients being dif- 

45 ferent from each other, 

the second subtracting means comprises 
N second subtracting units, connected with the N 
non-adaptive filtering units in one-to-one con-e- 
spondence, for respectively subtracting the j-th 

50 pseudo-echo signal produced by the corresponding 
non-adaptive filtering unit from the transmission 
signal corresponding to the current time to produce 
a j-th residual signal which indicates the deteriora- 
tion factor in the double-talk state and approximates 

55 the first residual signal in the single-talk state, the 
double-talk state being detected by the detecting 
means according to a difference between the first 
residual signal and a group of one or more residual 
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signals selected from the N residual signals. 

[0042] In the above configuration, N residual sig- 
nals are produced in the N second subtracting units 
according to the N groups of first filter coefficients differ- 5 
ent from each other, and the double-talk state is 
detected by the detecting means according to a differ- 
ence between the first residual signal and a group of 
one or more residual signals selected from the N resid- 
ual signals. io 
[0043] Accordingly, the transition to the double-talk 
state can be moreover reliably detected. 
[0044] Also, because the number of residual signals 
used for the detection of the double-talk state can be 
adjusted according to environmental conditions, the is 
double-talk detecting apparatus can be useful for any 
environmental conditions. 

[0045] The object of the present Invention is 
achieved by the provision of an echo canceller, compris- 
ing: 20 

first adaptive filtering means for renewing first filter 
coefficients according to both a first residual signal, 
which IS obtained from a transmission signal, indi- 
cates an echo component derived from a reception 25 
signal in a single-talk state and indicates the super- 
position of the echo component and a voice of a 
first caller in a double-talk state, and a first pseudo- 
echo signal, which approximates the echo compo- 
nent, and producing the first pseudo-echo signal 30 
from the reception signal according to the first filter 
coefficients renewed, the first filter coefficients 
deteriorating in the double-talk state; 
non-adaptive filtering means for producing a sec- 
ond pseudo-echo signal, in which a deterioration 35 
factor indicating the deterioration of the first filter 
coefficients renewed is included in the double-talk 
state, from the reception signal according to the first 
filter coefficients which are renewed by the first 
adaptive filtering means according to the first resid- 40 
ual signal; 

delaying means for delaying, by a prescribed time- 
period, the reception signal which con-esponds to a 
past time prior to a current time by the prescribed 
time-period and is input to the first adaptive filtering 45 
means, the reception signal which corresponds to 
the past time and is input to the non-adaptive filter- 
ing means or the transmission of the first filter coef- 
ficients renewed by the first adaptive filtering means 
at the past time to the non-adaptive filtering means 50 
to make the first adaptive filtering means produce 
the first pseudo-echo signal corresponding to the 
past time, to make the non-adaptive filtering means 
produce the second pseudo-echo signal corre- 
sponding to the past time or to produce the first fitter 55 
coefficients con^esponding to the past time; 
first subtracting means for subtracting the first 
pseudo-echo signal produced by the first adaptive 



filtering means from the transmission signal corre- 
sponding to the current or past time, which is the 
same as that of the first pseudo-echo signal, to pro- 
duce the first residual signal which does not have 
the echo component included in the transmission 
signal in the single-talk state and transmitting the 
first residual signal to the first adaptive filtering 
means; 

second subtracting means for subtracting the sec- 
ond pseudo-echo signal produced by the non- 
adaptive filtering means from the transmission sig- 
nal corresponding to the current or past time, which 
Is the same as that of the second pseudo-echo sig- 
nal, to produce a second residual signal which indi- 
cates the deterioration factor in the double-talk 
state and approximates the first residual signal in 
the single-talk state; 

detecting means for detecting the double-talk state 
or the single-talk state according to a difference 
between the second residual signal produced by 
the second subtracting means and the first residual 
signal produced by the first subtracting means and 
outputting a talk state detecting signal indicating the 
detection of the double-talk state or the detection of 
the single-talk state; 

second adaptive filtering means for renewing sec- 
ond filter coefficients according to an echo can- 
celled transmission signal obtained from the 
transmission signal of the current time and a third 
pseudo-echo signal approximating the echo com- 
ponent, in cases where the talk state detecting sig- 
nal indicating the detection of the single-talk state is 
received from the detecting means, and producing 
the third pseudo-echo signal con-esponding to the 
current time from the reception signal of the cun-ent 
time according to the second filter coefficients; and 
third subtracting means for subtracting the third 
pseudo-echo signal produced by the second adap- 
tive filtering means from the transmission signal of 
the current time to produce the echo cancelled 
transmission signal, in which the echo component 
included in the transmission signal is removed, 
sending the echo cancelled transmission signal to 
the second adaptive filtering means to make the 
second adaptive filtering means renew the second 
filter coefficients and outputting the echo cancelled 
transmission signal. 

[0046] In the above configuration of the echo can- 
celler, in cases where the detecting means infonns the 
second adaptive filtering means of the single-talk state, 
the second filter coefficients are renewed, and the echo 
cancelled transmission signal are output. In contrast, in 
cases where the detecting means informs the second 
adaptive filtering means of the double-talk state, no sec- 
ond filter coefficients are renewed, but the echo can- 
celled transmission signal produced by using the 
second filter coefficients renewed in the single-talk state 
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are output Assuming that the second filter coefficients 
are renewed In the double-talk state, the second filter 
coefficients deteriorate in the same manner as the first 
fitter coefficients. Therefore, there is no probability that 
the second filter coefficients deteriorates in the renewal 
operation in the double-talk state. 
[0047] Accordingly, the deterioration of the second 
filter coefficients can be suppressed to a minimum, and 
the voice of the first caller can be transmitted at a high 
speech quality even in the double-talk state. 
[0048] Also, because a deterioration degree of the 
first filter coefficients is estimated according to a differ- 
ence between the second residual signal and the first 
residual signal, it is not required to judge whether or not 
the first filter coefficients are sufficiently converged, and 
the double-talk state can be reliably detected while less- 
ening a detection delay and without depending on any 
environmental conditions. 

[0049] It is preferred that the delaying means com- 
prises: 

first delaying means for receiving the reception sig- 
nal corresponding to the past time and delaying the 
reception signal by the prescribed time-period to 
produce a delayed reception signal, the first 
pseudo-echo signal being produced from the 
delayed reception signal by the first adaptive filter- 
ing means; and 

second delaying means for receiving the transmis- 
sion signal corresponds to the past time from the 
first caller and delaying the transmission signal by 
the prescribed time-period to produce a delayed 
transmission signal, the first pseudo-echo signal 
being subtracted from the delayed transmission sig- 
nal by the first subtracting means, the second 
pseudo-echo signal is produced from the reception 
signal con'esponding to the current time by the non- 
adaptive filtering means, 

the second pseudo-echo signal is subtracted from 
the transmission signal corresponding to the cur- 
rent time by the second subtracting means, 
the first filter coefficients renewed by the first adap- 
tive filtering means at the current time are transmit- 
ted to the non-adaptive filtering means, and 
the echo canceller further comprises 
third delaying means for delaying the second resid- 
ual signal produced by the second subtracting 
means by the prescribed time-period to produce a 
delayed second residual signal, the double-talk 
state being detected according to the difference 
between the delayed second residual signal and 
the first residual signal. 

[0050] In the above configuration, the first residual 
signal is produced from the transmission signal corre- 
sponding to the past time and the reception signal cor- 
responding to the past time, the first filter coefficients 
are renewed according to the first residual signal corre- 



sponding to the past time, and the second pseudo-echo 
signal is produced from the reception signal corre- 
sponding to the current time according to the first fitter 
coefficients corresponding to the past time. 
5 [0051] Accordingly, the transition from the single- 
talk state to the double-talk state can be reliably 
detected. 

[0052] It is preferred that the delaying means com- 
prises: 

10 

first delaying means for receiving the reception sig- 
nal con'esponding to the past time and delaying the 
reception signal by the prescribed time-period to 
produce a delayed reception signal corresponding 
15 to the past time, the second pseudo-echo signal 
being produced from the delayed reception signal 
by the non-adaptive filtering means; and 
second delaying means for receiving the transmis- 
sion signal corresponds to the past time from the 
20 first caller and delaying the transmission signal by 
the prescribed time-period to produce a delayed 
transmission signal, the second pseudo-echo sig- 
nal being subtracted from the delayed transmission 
signal by the second subtracting means, 
25 the first pseudo-echo signal is produced from the 
reception signal corresponding to the current time 
by the tirst adaptive filtering means, 
the tirst pseudo-echo signal is subtracted from the 
transmission signal con'esponding to the cun^ent 
30 time by the first subtracting means, 

the tirst fitter coefficients renewed by the first adap- 
tive tiltering means at the current time are transmit- 
ted to the non-adaptive tiltering means, and 
the echo canceller further comprises 
35 third delaying means for delaying the tirst residual 
signal produced by the first subtracting means by 
the prescribed time-period to produce a delayed 
tirst residual signal, the double-talk state being 
detected according to the difference between the 
40 second residual signal and the delayed tirst residual 
signal. 

[0053] In the above contiguration, the tirst residual 
signal is produced from the transmission signal con^e* 
45 spending to the cun^ent time and the reception signal 
corresponding to the current time, the tirst tilter coeffi- 
cients are renewed according to the tirst residual signal 
corresponding to the current time, and the second 
pseudo-echo signal is produced from the reception slg- 
50 nal con'esponding to the past time according to the first 
tilter coefficients corresponding to the current time. 
[0054] Accordingly, the transition from the single- 
talk state to the double-talk state can be reliably 
detected. 

55 [0055] It is preferred that the delaying means com- 
prises: 

tilter coefficient storing means for storing a group of 
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the first filter coefficients renewed by the first adap- 
tive filtering means each time the group of the first 
fitter coefficients is renewed by the first adaptive fil- 
tering means and outputting the group of the first fil- 
ter coefficients corresponding to the past time to the 
non-adaptive filtering means, the second pseudo- 
echo signal being produced from the reception sig- 
nal con^esponding to the current time according to 
the first filter coefficients corresponding to the past 
time, the first pseudo-echo signal is produced from 
the reception signal corresponding to the cun-ent 
time by the first adaptive filtering means, 
the first pseudo-echo signal is subtracted from the 
transmission signal corresponding to the cun^ent 
time by the first subtracting means, and 
the second pseudo-echo signal is subtracted from 
the transmission signal corresponding to the cur- 
rent time by the second subtracting means. 

[0056] In the above configuration, the transmission 
of the group of the first filter coefficients renewed by the 
first adaptive filtering means to the non-adaptive filtering 
means is substantially delayed by the filter coefficient 
storing means. Therefore, the second pseudo-echo sig- 
nal is produced from the reception signal con'esponding 
to the current time according to the group of the first fil- 
ter coefficients corresponding to the past time. 
[0057] Accordingly, the transition from the single- 
talk state to the double-talk state can be reliably 
detected. 

[0058] It is prefen-ed that the echo canceller further 
comprises: 

filter coefficient transmission control means for con- 
trolling the transmission of a group of the first filter 
coefficients renewed by the first adaptive filtering 
means to the filter coefficient storing means 
according to the talk state detecting signal output 
from the detecting means each time the group of 
the first filter coefficients is renewed by the first 
adaptive filtering means, the group of the first filter 
coefficients being stored in the filter coefficient stor- 
ing means in cases where the group of the first filter 
coefficients is adopted by the filter coefficient trans- 
mission control means. 

[0059] In the above configuration, in cases where it 
is judged according to the talk state detecting signal that 
it is desired to abandon the group of the currently- 
renewed first filter coeffk:ients, the group of the cur- 
rently-renewed first filter coefficients is not adopted. In 
contrast, in cases where the group of the cun-ently- 
renewed first filter coefficients is adopted, the group of 
the currently-renewed first fitter coefficients is stored in 
the filter coefficient storing means. 
[0060] Accordingly, because the group of the first fil- 
ter coefficients currently renewed by the first adaptive 
filtering means is not adopted in cases where the group 



of the currently-renewed first filter coefficients is not 
desired, a memory capacity of the filter coefficient stor- 
ing means can be reduced, and the double-talk state 
can be stabty detected. 
5 [0061] It is also pretended that the non-adaptive fil- 
tering means comprises 

N non-adaptive filtering units (N is an Integer) for 
respectively producing a j-th pseudo-echo signal 

10 0=2,3,-, N+1), in which a deterioration factor indi- 
cating the deterioration of the first fitter coefficients 
renewed is included in the double-talk state, from 
the reception signal con-esponding to the current 
time according to one group of the first filter coeffi- 

15 cients stored in the filter coefficient storing means, 
the N groups of the first filter coefficients being dif- 
ferent from each other, 
the second subtracting means comprises 
N second subtracting units, connected with the N 

20 non-adaptive filtering units in one-to-one con-e- 
spondence, for respectively subtracting the j-th 
pseudo-echo signal produced by the corresponding 
non-adaptive filtering unit from the transmission 
signal corresponding to the current time to produce 

25 a j-th residual signal which indicates the deteriora- 
tion factor in the double-talk state and approximates 
the first residual signal in the single-talk state, the 
double-talk state being detected by the detecting 
means according to a difference between the first 

30 residual signal and a group of one or more residual 
signals selected from the N residual signals. 

[0062] In the above configuration, N residual sig- 
nals are produced in the N second subtracting units 

35 according to the N groups of first filter coefficients differ- 
ent from each other, and the double-talk state is 
detected by the detecting means according to a differ- 
ence between the first residual signal and a group of 
one or more residual signals selected from the N resid- 

40 ual signals. 

[0063] Accordingly, the transition to the double-talk 
state can be moreover reliably detected. 
[0064] Also, because the number of residual signals 
used for the detection of the double-talk state can be 

45 adjusted according to environmental conditions, the 
echo canceller can be useful for any environmental con- 
ditions. 

[0065] The object of the present invention is also 
achieved by the provision of an echo canceller, compris- 
50 ing: 

first adaptive filtering means for renewing first filter 
coefficients according to an echo cancelled trans- 
mission signal, which Is obtained from a transmls- 
55 ston signal, indicates an echo component derived 
from a reception signal in a single-talk state and 
indicates the superposition of the echo component 
and a voice of a first caller in a double-talk state. 
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and a first pseudo-echo signal, which approximates 
the echo component, in cases where a talk state 
detecting signal indicating the detection of the sin- 
gle-talk state is received, and producing the first 
pseudo-echo signal from the reception signal 5 
according to the first filter coefficients renewed, the 
first fitter coefficients deteriorating in the double-talk 
state; 

non-adaptive filtering means for producing a sec- 
ond pseudo-echo signal, in which a deterioration 10 
factor indicating the deterioration of the first filter 
coefficients renewed is included in the double-talk 
state, from the reception signal according to the first 
filter coefficients whk:h are renewed by the first 
adaptive filtering means according to the echo can- is 
celled transmission signal; 
delaying means for delaying, by a prescribed time- 
period, the reception signal which comesponds to a 
past time prior to a current time by the prescribed 
time-period and is input to the first adaptive filtering 20 
means, the reception signal which corresponds to 
the past time and is input to the non-adaptive filter- 
ing means or the transmission of the first filter coef- 
ficients, which are renewed by the first adaptive 
filtering means at the past time, to the non-adaptive 25 
filtering means to make the first adaptive filtering 
means produce the first pseudo-echo signal corre- 
sponding to the past time, to make the non-adaptive 
filtering means produce the second pseudo-echo 
signal corresponding to the past time or to produce 30 
the first filter coefficients corresponding to the past 
time; 

first subtracting means for subtracting the first 
pseudo-echo signal produced by the first adaptive 
filtering means from the transmission signal corre- 35 
spending to the current or past time, which is the 
same as that of the first pseudo-echo signal, to pro- 
duce the echo cancelled transmission signal, which 
does not have the echo component included in the 
transmission signal in the single-talk state, and 40 
transmitting the echo cancelled transmission signal 
to the first adaptive filtering means; 
second subtracting means for subtracting the sec- 
ond pseudo-echo signal produced by the non- 
adaptive filtering means from the transmission sig- 45 
nal corresponding to the cun-ent or past time, which 
is the same as that of the second pseudo-echo sig- 
nal, to produce a first residual signal which indi- 
cates the deterioration factor in the double-talk 
state and approximates the echo cancelled trans- so 
mission signal In the single-talk state; and 
detecting means for detecting the double-talk state 
or the single-talk state according to a difference 
between the first residual signal produced by the 
second subtracting means and the echo cancelled ss 
transmission signal produced by the first subtract- 
ing means and outputting a talk state detecting sig- 
nal indicating the detection of the double-talk state 



or the talk state detecting signal indicating the 
detection of the single-talk state to the first adaptive 
filtering means. 

[0066] In the above configuration of the echo can- 
celler, the double-talk state or the single-talk state is 
detected by the detecting means in the same manner as 
in the double-talk detecting apparatus, and the talk state 
detecting signal indbating the detection of the single- 
talk state is sent to the first adaptive filtering means. In 
the first adaptive filtering means, no first filter coeffi- 
cients are renewed in the double-talk, but the first fitter 
coefficients are renewed In the single-talk state accord- 
ing to the talk state detecting signal. Therefore, no first 
filter coefficients deteriorate in the renewal operation, 
but the first filter coefficients deteriorate a little bit in the 
double-talk state because no renewal of the first fitter 
coefficients is performed in the double-talk state. As a 
result, the double-talk state or the single-talk state can 
be detected by the detecting means in the same man- 
ner as in the double-talk detecting apparatus. 
[0067] Accordingly, the deterioration of the first fitter 
coefficients can be suppressed to a minimum. There- 
fore, the voice of the first caller can be transmitted at a 
high speech quality even in the double-talk state. 
[0068] Also, because the double-talk state in the 
first state transition is detected in the same manner as 
in the double-talk detecting apparatus, it is not required 
to Judge whether or not the first filter coefficients are suf- 
ficiently converged, and the double-talk state can be 
reliably detected while lessening a detection delay and 
without depending on any environmental conditions. 
[0069] Also, because neither second adaptive filter- 
ing means nor the third subtracting means is not 
required, the echo canceller, in which a date processing 
volume and a memory capacity are reduced, can be 
obtained as compared with the above-described echo 
cancellers. 

[0070] It is preferred that the delaying means com- 
prises: 

first delaying means for receiving the reception sig- 
nal con'esponding to the past time and delaying the 
reception signal by the prescribed time-period to 
produce a delayed reception signal, the first 
pseudo-echo signal being produced from the 
delayed reception signal by the first adaptive fitter* 
ing means; and 

second delaying means for receiving the transmis- 
sion signal con-esponds to the past time from the 
first caller and delaying the transmission signal by 
the prescribed time-period to produce a delayed 
transmission signal, the first pseudo-echo signal 
being subtracted from the delayed transmission sig- 
nal by the first subtracting means, 
the second pseudo-echo signal is produced from 
the reception signal con'esponding to the current 
time by the non-adaptive filtering means. 
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the second pseudo-echo signal is subtracted from 
the transnnission signal corresponding to the cur- 
rent time by the second subtracting means, 
the first filter coefficients renewed by the first adap- 
tive filtering means at the cun-ent time are transmit- 5 
ted to the non-adaptive filtering means, and 
the echo canceller further comprises 
third delaying means for delaying the first residual 
signal produced by the second subtracting means 
by the prescribed time-period to produce a delayed 10 
first residual signal, the double-talk state being 
detected according to the difference between the 
delayed first residual signal and the echo cancelled 
transmission signal. 

15 

[0071] In the above configuration, the first residual 
signal is produced from the transmission signal corre- 
sponding to the past time and the reception signal cor- 
responding to the past time, the first filter coefficients 
are renewed according to the first residual signal corre- 20 
spending to the past time, and the second pseudo-echo 
signal is produced from the reception signal corre- 
sponding to the cun^ent time according to the first filter 
coefficients con^espondlng to the past time. 
[0072] Accordingly, the transition from the single- 25 
talk state to the double-talk state can be reliably 
detected. 

[0073] It is preferred that the delaying means com- 
prises: 

30 

first delaying means for receiving the reception sig- 
nal con-esponding to the past time and delaying the 
reception signal by the prescribed time-period to 
produce a delayed reception signal con'esponding 
to the past time, the second pseudo-echo signal 35 
being produced from the delayed reception signal 
by the non-adaptive filtering means; and 
second delaying means for receiving the transmis- 
sion signal corresponds to the past time from the 
first caller and delaying the transmission signal by 40 
the prescribed time-period to produce a delayed 
transmission signal, the second pseudo-echo sig- 
nal being subtracted from the delayed transmission 
signal by the second subtracting means, 
the first pseudo-echo signal is produced from the 45 
reception signal corresponding to the cun-ent time 
by the first adaptive filtering means, 
the first pseudo-echo signal is subtracted from the 
transmission signal corresponding to the cun-ent 
time by the first subtracting means, so 
the first filter coefficients renewed by the first adap- 
tive filtering means at the cun-ent time are transmit- 
ted to the non-adaptive filtering means, and 
the echo canceller further comprises 
third delaying means for delaying the echo can- 55 
ceiled transmission signal produced by the first 
subtracting means by the prescribed time-period to 
produce a delayed second residual signal, the dou- 



ble-talk state being detected according to the differ- 
ence between the first residual signal and the 
delayed second residual signal. 

[0074] In the above configuration, the first residual 
signal is produced from the transmission signal con-e- 
sponding to the cun-ent time and the reception signal 
corresponding to the current time, the first filter coeffi- 
cients are renewed according to the first residual signal 
corresponding to the current time, and the second 
pseudo-echo signal is produced from the reception sig- 
nal corresponding to the past time according to the first 
filter coefficients coresponding to the cun'ent time. 
[0075] Accordingly, the transition from the single- 
talk state to the double-talk state can be reliably 
detected. 

[0076] It is preferred that the delaying means com- 
prises 

filter coefficient storing means for storing a group of 
the first filter coefficients renewed by the first adap- 
tive filtering means each time the group of the first 
filter coefficients is renewed by the first adaptive fil- 
tering means and outputting the group of the first fil- 
ter coefficients corresponding to the past time to the 
non-adaptive filtering means, the second pseudo- 
echo signal being produced from the reception sig- 
nal corresponding to the cun-ent time according to 
the first filter coefficients corresponding to the past 
time, 

the first pseudo-echo signal is produced from the 
reception signal corresponding to the current time 
by the first adaptive filtering means, 
the first pseudo-echo signal is subtracted from the 
transmission signal corresponding to the current 
time by the first subtracting means, and 
the second pseudo-echo signal is subtracted from 
the transmission signal corresponding to the cur- 
rent time by the second subtracting means. 

[0077] In the above configuration, the transmission 
of the group of the first filter coefficients renewed by the 
first adaptive filtering means to the non-adaptive filtering 
means is substantially delayed by the fitter coefficient 
storing means. Therefore, the second pseudo-echo sig- 
nal is produced from the reception signal corresponding 
to the cun-ent time according to the group of the first fil- 
ter coefficients con-esponding to the past time. 
[0078] Accordingly, the transition from the single- 
talk state to the double-talk state can be reliably 
detected. 

[0079] It is also prefen-ed that the echo canceller 
further comprises: 

filter coefficient transmission control means for con- 
trolling the transmission of a group of the first filter 
coefficients renewed by the first adaptive filtering 
means to the filter coefficient storing means 
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according to the talk state detecting signal output 
from the detecting means each time the group of 
the first filter coefficients is renewed by the first 
adaptive filtering means, the group of the first filter 
coefficients being stored in the filter coefficient stor- 5 
ing means in cases where the group of the first filter 
coefficients is adopted by the filter coefficient trans- 
mission control means. 

[0080] In the above configuration, in cases where it 10 
is judged according to the talk state detecting signal that 
it is desired to abandon the group of the currently- 
renewed first filter coefficients, the group of the cur- 
rently*renewed first filter coefficients is not adopted. In 
contrast, In cases where the group of the currently- is 
renewed first filter coefficients is adopted, the group of 
the currently-renewed first filter coefficients is stored In 
the filter coefficient storing means. 
[0081 ] Accordingly, because the group of the first fil- 
ter coefficients currently renewed by the first adaptive 20 
filtering means Is not adopted in cases where the group 
of the cun-ently-renewed first filter coefficients is not 
desired, a memory capacity of the filter coefficient stor- 
ing means can be reduced, and the double-talk state 
can be stably detected. 2S 
[0082] It is also preferred that the non-adaptive fil- 
tering means comprises 

N non-adaptive filtering units (N Is an integer) for 
respectively producing a j-th pseudo-echo signal 30 
(j=2,3,-, N+1), in which a deterioration factor indi- 
cating the deterioration of the first filter coefficients 
renewed Is included in the double-talk state, from 
the reception signal corresponding to the current 
time according to one group of the first filter coeffi- 35 
cients stored in the filter coefficient storing means, 
the N groups of the first filter coefficients being dif- 
ferent from each other, 
the second subtracting means comprises 
N second subtracting units, connected with the N 40 
non-adaptive filtering units in one-to-one corre- 
spondence, for respectively subtracting the j-th 
pseudo-echo signal produced by the corresponding 
non-adaptive filtering unit from the transmission 
signal con-esponding to the current time to produce 45 
a ]-th residual signal which Indicates the deteriora- 
tion factor in the double-talk state and approximates 
the echo cancelled transmission signal in the sin- 
gle-talk state, the double-talk state being detected 
by the detecting means according to a difference so 
between the echo cancelled transmission signal 
and a group of one or more residual signals 
selected from the N residual signals. 

[0083] In the above configuration, N residual sig- 55 
nals are produced in the N second subtracting units 
according to the N groups of first fitter coefficients differ- 
ent from each other, and the double-talk state is 



detected by the detecting means according to a differ- 
ence between the first residual signal and a group of 
one or more residual signals selected from the N resid- 
ual signals. 

[0084] Accordingly, the transition to the double-talk 
state can be moreover reliably detected. 
[0085] Also, because the number of residual signals 
used for the detection of the double-talk state can be 
adjusted according to environmental conditions, the 
echo canceller can be useful for any environmental con- 
ditions. 

[0086] The object of the present invention is 
achieved by the provision of an echo suppressor, com- 
prising: 

first adaptive filtering means for renewing first filter 
coefficients according to both a first residual signal, 
which Is obtained from a transmission signal, indi- 
cates an echo component derived from a reception 
signal in a single-talk state and indicates the super- 
position of the echo component and a voice of a 
first caller in a double-talk state, and a first pseudo- 
echo signal, which approximates the echo compo- 
nent, and producing the first pseudo-echo signal 
from the reception signal according to the first filter 
coefficients renewed, the first filter coefficients 
deteriorating in the double-talk state; 
non-adaptive filtering means for producing a sec- 
ond pseudo-echo signal, in which a deterioration 
factor indicating the deterioration of the first filter 
coefficients renewed is included in the double-talk 
state, from the reception signal according to the first 
filter coefficients which are renewed by the first 
adaptive filtering means according to the first resid- 
ual signal; 

delaying means for delaying, by a prescribed time- 
period, the reception signal which con-esponds to a 
past time prior to a cun-ent time by the prescribed 
time-period and is input to the first adaptive filtering 
means, the reception signal which con-esponds to 
the past time and is input to the non-adaptive filter- 
ing means or the transmission of the first fitter coef- 
ficients, which are renewed by the first adaptive 
filtering means at the past time, to the non-adaptive 
filtering means to make the first adaptive filtering 
means produce the first pseudo-echo signal corre- 
sponding to the past time, to make the non-adaptive 
filtering means produce the second pseudo-echo 
signal con^esponding to the past time or to produce 
the first filter coefficients con-esponding to the past 
time; 

first subtracting means for subtracting the first 
pseudo-echo signal produced by the first adaptive 
filtering means from the transmission signal con^e- 
sponding to the current or past time, which is the 
same as that of the first pseudo-echo signal, to pro- 
duce the first residual signal, which does not have 
the echo component included In the transmission 
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signal in the single-talk state, and transnf^itting the 
first residual signal to the first adaptive filtering 
means; 

second subtracting means for subtracting the sec- 
ond pseudo-echo signal produced by the non- 
adaptive filtering means from the transmission sig- 
nal corresponding to the cun-ent or past time, which 
is the same as that of the second pseudo-echo sig- 
nal, to produce a second residual signal which indi- 
cates the deterioration factor in the double-taik 
state and approximates the first residual signal in 
the single-talk state; 

detecting means for detecting the double-talk state 
or the single-talk state according to a difference 
between the second residual signal produced by 
the second subtracting means and the first residual 
signal produced by the first subtracting means and 
outputting a talk state detecting signal indicating the 
detection of the double-talk state or the detection of 
the single-talk state; 

attenuation control means for receiving the talk 
state detecting signal from the detecting means, 
generating a transmission attenuation control sig- 
nal Indicating an attenuation degree of the trans- 
mission signal currently received according to the 
talk state detecting signal, and generating a recep- 
tion attenuation control signal indicating an attenu- 
ation degree of the reception signal cun-ently 
received according to tile talk state detecting signal; 
first attenuating means for attenuating the transmis- 
sion signal cun-ently received according to the 
transmission attenuation control signal generated 
by the attenuation control means to produce an 
attenuated transmission signal and outputting the 
attenuated transmission signal; and 
second attenuating means for attenuating the 
reception signal cun^ently received according to the 
reception attenuation control signal generated by 
the attenuation control means to produce an atten- 
uated reception signal and outputting the attenu- 
ated reception signal. 

[0087] In the above configuration of the echo sup- 
pressor, when the single-talk state based on a second 
caller's voice existing in the reception signal is changed 
to the double-talk state because a voice of the tirst caller 
is added to the transmission signal, the double-talk 
state is detected by the detecting means, and the recep- 
tion signal is attenuated according to the reception 
attenuation control signal. Therefore, an echo compo- 
nent superposed on a voice of the first caller can be 
suppressed. Also, in this case, an attenuation degree of 
the transmission signal in the double-talk state is 
reduced as compared with that In the singte-talk state. 
[0088] Accordingly, because the attenuation 
degrees of the transmission signal and the reception 
signal are adjusted according to the attenuation control 
signals, an echo of a second caller's voice can be sup- 



pressed in the double-talk state while reducing the inter- 
ruption (or chopping) of a conversation, and the 
conversation can be performed at a high speech quality. 
[0089] Also, because the double-talk state in the 
5 tirst state transition is detected In the same manner as 
in the double-talk detecting apparatus, it is not required 
to judge whether or not the first filter coefficients are suf- 
ficiently converged, and tiie double-talk state can be 
reliably detected In the first state transition while lessen- 
to ing a detection delay and without depending on any 
environmental conditions. 

[0090] It is preferred that the delaying means com- 
prises: 

15 tirst delaying means for receiving the reception sig- 
nal corresponding to the past time and delaying the 
reception signal by the prescribed time-period to 
produce a delayed reception signal, the first 
pseudo-echo signal being produced from the 

20 delayed reception signal by the first adaptive filter- 
ing means; and 

second delaying means for receiving the transmis- 
sion signal con-esponding to the past time from the 
first caller and delaying the transmission signal by 

25 the prescribed time-period to produce a delayed 
transmission signal, the tirst pseudo-echo signal 
being subtracted from the delayed transmission sig- 
nal by the tirst subtracting means, 
the second pseudo-echo signal is produced from 

30 the reception signal corresponding to the current 
time by the non-adaptive filtering means, 
the second pseudo-echo signal is subtracted from 
the transmission signal corresponding to the cur- 
rent time by the second subtracting means, 

35 the tirst tilter coefficients renewed by the tirst adap- 
tive tiltering means at the current time are transmit- 
ted to the non-adaptive filtering means, and 
the echo suppressor further comprises 
third delaying means for delaying the second resid- 

40 ual signal produced by the second subtracting 
means by the prescribed time-period to produce a 
delayed second residual signal, the double-talk 
state being detected according to the difference 
between the delayed second residual signal and 

45 the first residual signal. 

[0091] In the above contiguration, the tirst residual 
signal is produced from the transmission signal corre- 
sponding to the past time and the reception signal cor- 

so responding to the past time, the first filter coefficients 
are renewed according to the tirst residual signal corre- 
sponding to the past time, and the second pseudo-echo 
signal is produced from the reception signal corre- 
sponding to the current time according to the first filter 

55 coefficients corresponding to the past time. 

[0092] Accordingly, the transition from the single- 
talk state to the double-talk state can be reliably 
detected. 
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[0093] It is preferred that the delaying means com- 
prises: 

first delaying means for receiving the reception sig- 
nal con-esponding to the past time and delaying the 5 
reception signal by the prescribed time-period to 
produce a delayed reception signal con'esponding 
to the past time, the second pseudo-echo signal 
being produced from the delayed reception signal 
by the non-adaptive filtering means; and io 
second delaying means for receiving the transmis- 
sion signal corresponds to the past time from the 
first caller and delaying the transmission signal by 
the prescribed time-period to produce a delayed 
transmission signal, the second pseudo-echo sig- is 
nal being subtracted from the delayed transmission 
signal by the second subtracting means, 
the first pseudo-echo signal is produced from the 
reception signal corresponding to the current time 
by the first adaptive filtering means, 20 
the first pseudo-echo signal is subtracted from the 
transmission signal corresponding to the current 
time by the first subtracting means, 
the first filter coefficients renewed by the first adap- 
tive filtering means at the current time are transmit- 25 
ted to the non-adaptive filtering means, and 
the echo suppressor further comprises 
third delaying means for delaying the first residual 
signal produced by the first subtracting means by 
the prescribed time-period to produce a delayed 30 
first residual signal, the double-talk state being 
detected according to the difference between the 
second residual signal and the delayed first residual 
signal. 

35 

[0094] In the above configuration, the first residual 
signal is produced from the transmission signal corre- 
sponding to the current time and the reception signal 
corresponding to the current time, the first filter coeffi- 
cients are renewed according to the first residual signal 40 
corresponding to the cun-ent time, and the second 
pseudo-echo signal is produced from the reception sig- 
nal coH'esponding to the past time according to the first 
filter coefficients corresponding to the current time. 
[0095] Accordingly, the transition from the single- 45 
talk state to the double-talk state can be reliably 
detected. 

[0096] It is prefen-ed that the delaying means com- 
prises: 

50 

filter coefTrcient storing means for storing a group of 
the first filter coefficients renewed by the first adap- 
tive filtering means each time the group of the first 
filter coefficients Is renewed by the first adaptive fil- 
tering means and outputting the group of the first fil- ss 
ter coefficients conresponding to the past time to the 
non-adaptive filtering means, the second pseudo- 
echo signal being produced from the reception sig- 



nal corresponding to the cun-ent time according to 
the first filter coefficients con-esponding to the past 
time, the first pseudo-echo signal is produced from 
the reception signal con-esponding to the cun-ent 
time by the first adaptive filtering means, 
the first pseudo-echo signal is subtracted from the 
transmission signal corresponding to the cun'ent 
time by the first subtracting means, and 
the second pseudo-echo signal is subtracted from 
the transmission signal con-esponding to the cur- 
rent time by the second subtracting means. 

[0097] In the above configuration, the transmission 
of the group of the first filter coefficients renewed by the 
first adaptive filtering means to the non-adaptive filtering 
means is substantially delayed by the filter coefficient 
storing means. Therefore, the second pseudo-echo sig- 
nal is produced from the reception signal corresponding 
to the current time according to the group of the first fil- 
ter coefficients corresponding to the past time. 
[0098] Accordingly, the transition from the single- 
talk state to the double-talk state can be reliably 
detected. 

[0099] It is preferred that the echo suppressor fur- 
ther comprises: 

filter coefficient transmission control means for con- 
trolling the transmission of a group of the first filter 
coefficients renewed by the first adaptive filtering 
means to the filter coefficient storing means 
according to the talk state detecting signal output 
from the detecting means each time the group of 
the first filter coefficients is renewed by the first 
adaptive filtering means, the group of the first filter 
coefficients being stored in the filter coefficient stor- 
ing means in cases where the group of the first filter 
coefficients is adopted by the filter coefficient trans- 
mission control means. 

[0100] In the above configuration, in cases where it 
is judged according to the talk state detecting signal that 
it is desired to abandon the group of the currently- 
renewed first filter coefficients, the group of the cur- 
rently-renewed first filter coefficients is not adopted. In 
contrast, in cases where the group of the currently- 
renewed first fitter coefficients is adopted, the group of 
the currently-renewed first filter coefficients is stored in 
the filter coefficient storing means. 
[0101 ] Accordingly, because the group of the first fil- 
ter coefficients cun-ently renewed by the first adaptive 
filtering means is not adopted in cases where the group 
of the currently- renewed first filter coefficients is not 
desired, a memory capacity of the fitter coefficient stor- 
ing means can be reduced, and the double-talk state 
can be stably detected. 

[0102] It is preferred that the non-adaptive filtering 
means comprises 
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N non-adaptive filtering units (N is an integer) for 
respectively producing a j-th pseudo-echo signal 
0=2,3,", N+1), in which a deterioration factor indi- 
cating the deterioration of the first filter coefficients 
renewed is included in the double-talk state, from $ 
the reception signal corresponding to the cun-ent 
time according to one group of the first filter coeffi- 
cients stored in the filter coefficient storing means, 
the N groups of the first filter coefficients being dif- 
ferent from each other, 
the second subtracting means comprises 
N second subtracting units, connected with the N 
non-adaptive filtering units in one-to-one corre- 
spondence, for respectively subtracting the j-th 
pseudo-echo signal produced by the con-esponding 
non-adaptive filtering unit from the transmission 
signal conresponding to the current time to produce 
a j-th residual signal which indicates the deteriora- 
tion factor in the double-talk state and approximates 
the first residual signal in the single-talk state, the 
double-talk state being detected by the detecting 
means according to a difference between the first 
residual signal and a group of one or more residual 
signals selected from the N residual signals. 

[0103] In the above configuration, N residual sig- 
nals are produced in the N second subtracting units 
according to the N groups of first filter coefficients differ- 
ent from each other, and the double-talk state is 
detected by the detecting means according to a differ- 
ence between the first residual signal and a group of 
one or more residual signals selected from the N resid- 
ual signals. 

[0104] Accordingly, the transition to the double-talk 

state can be moreover reliably detected. 
[0105] Also, because the number of residual signals 
used for the detection of the double-talk state can be 
adjusted according to environmental conditions, the 
echo suppressor can be useful for any environmental 
conditions. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0106] 

Fig. 1 is a block diagram of a double-talk detecting 
apparatus according to a first embodiment of the 
present invention; 

Fig. 2 is a block diagram of a double-talk detecting 
apparatus according to a second embodiment of 
the present invention; 

Fig. 3 is a block diagram of a double-talk detecting 
apparatus according to a third embodiment of the 
present invention; 

Fig. 4 Is a block diagram of a double-talk detecting 
apparatus according to a fourth embodiment of the 
present invention; 

Fig. 5 is a block diagram of a double-talk detecting 



apparatus according to a fifth embodiment of the 
present invention; 

Fig. 6 is a block diagram of an echo canceller 
according to a sixth embodiment of the present 

invention; 

Rg. 7 is a block diagram of an echo canceller 
according to a seventh embodiment of the present 
invention; 

Rg. 8 is a block diagram of an echo canceller 
acconjing to an eighth embodiment of the present 
invention; 

Rg. 9 is a block diagram of an echo canceller 
according to a ninth embodiment of the present 
invention; 

Rg. 10 is a block diagram of an echo suppressor 
according to a tenth embodiment of the present 
invention; and 

Rg. 1 1 shows a reception signal, a delayed trans- 
mission signal, a first residual signal, a delayed sec- 
ond residual signal and a transmission signal 
detected in the double-talk detecting apparatus 
shown In Fig. 1 in the first state transition. 

BEST MODE FOR CARRYING OUT THE INVENTION 

[01 07] The best mode for carrying out the invention 
will now be described with reference to the accompany- 
ing drawings to explain the present invention in more 
detail. 

EMBODIMENT 1 

[0108] In this embodiment, a double-talk state 
occun-ing in the first state transition, in which a single- 
talk state based on the existence of a voice of the far- 
end caller is changed to the double-talk state because 
of the addition of a voice of the near-end caller to the 
voice of the far-end caller, is detected in a double-talk 
detecting apparatus. 

[0109] Fig. 1 is a block diagram of a double-talk 
detecting apparatus according to a first embodiment of 
the present Invention. 

[0110] As shown in Fig. 1, a reference numeral 1 
denotes an input tenninal, and the input tenninal 1 
receives a reception signal indicating a voice of a far- 
end caller transmitted through a transmission path. A 
reference numeral 2 denotes an input terminal, and the 
input temninal 2 receives an echo signal generated from 
the reception signal, which is transmitted from an output 
tennina! of the reception signal through an echo path of 
a near-end caller's side, according to an acoustic cou- 
pling or the like as a transmission signal in a single-talk 
state of the first state transition and receives a transmis- 
sion signal, in which the echo signal is superposed on a 
near-end caller's voice, in a double-talk state of the first 
state transition, 

[01 1 1 ] A reference numeral 3 denotes a first delay- 
ing unit, and the first delaying unit 3 delays the reception 
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signal received at the input terminal 1 by a prescribed 
time-period T to produce a delayed reception signal. 
[0112] A reference numeral 4 denotes a second 
delaying unit, and the second delaying unit 4 delays the 
transmission signal received at the input tenninal 2 by 5 
the same prescribed time-period T to produce a delayed 
transmission signal. 

[0113] A reference numeral 5 denotes a first adap- 
tive filtering unit having first filter coefficients, and the 
first adaptive filtering unit 5 always renews the first filter io 
coefficients to make an impulse response based on the 
first filter coefficients approximate an actual impulse 
response of the echo path of the near-end caller's side, 
according to a first residual signal, which indicates a dif- 
ference between the delayed transmission signal and a is 
first pseudo-echo signal obtained from the delayed 
reception signal and perfomns a convolution calculation 
of the impulse response of the echo path for the delayed 
reception signal according to the renewed first filter 
coefficients to produce the first pseudo-echo signal. The 20 
renewed first filter coefficients deteriorate In the double- 
talk state. 

[0114] A reference numeral 6 denotes a first sub- 
tracting unit, the first subtracting unit 6 subtracts the first 
pseudo-echo signal produced in the first adaptive filter- 25 
ing unit 5 from the delayed transmission signal pro- 
duced in the second delaying unit 4 to produce the first 
residual signal, in which an echo component of the 
reception signal Indicated by the echo signal Is removed 
in the single-talk state, and outputs the first residual sig- 30 
nal to the first adaptive filtering unit 5. 
[0115] A reference numeral 7 denotes a non-adap- 
tive filtering unit, the non-adaptive filtering unit 7 
receives the renewed first filter coefficients, which is 
based on the reception signal received at the input ter- as 
mi nal 1 at a past time prior to the current time by the 
prescribed time-period T, from the first adaptive filtering 
unit 5 and performs a convolution calculation of the 
impulse response of the echo path for the reception sig- 
nal currently received at the Input tenninal 1 according 40 
to the renewed first filter coefficients to produce a sec- 
ond pseudo-echo signal in which a deterioration factor 
indicating the deterioration of the renewed first filter 
coefficients is included in the double-talk state. 
[0116] A reference numeral 8 denotes a second 45 
subtracting unit, and the second subtracting unit 8 sub- 
tracts the second pseudo-echo signal produced in the 
non-adaptive filtering unit 7 from the transmission signal 
currently received in the input terminal 2 to produce a 
second residual signal indicating the deterioration of the so 
renewed first filter coefficients in the double-talk state. 
[0117] A reference numeral 9 denotes a third delay- 
ing unit, and the third delaying unit 9 delays the second 
residual signal produced in the second subtracting unit 
8 by the same prescribed time-period T to produce a ss 
delayed second residual signal. 
[0118] A reference numeral 1 0 denotes a detecting 
unit, and the detecting unit 10 judges whether or not a 



level ratio of the delayed second residual signal pro- 
duced in the third delaying unit 9 to the first residual sig- 
nal produced in the first subtracting unit 6 is equal to or 
larger than a prescribed value, detects a talk state as a 
double-talk state in cases where the level ratio is equal 
to or larger than the prescribed value and outputs a dou- 
ble-talk detecting result from an output tenminal 1 1 . 
[0119] In the first adaptive filtering unit 5, a least 
mean square (LMS) algorithm is used as an adaptive 
algorithm to renew the first filter coefficients, so that the 
impulse response of the echo path of the near-end 
caller's side is approximated by using the renewed first 
filter coefficients. The renewal of the first filter coeffi- 
cients in the first adaptive filtering unit 5 is always per- 
fonned when a voice of the far-end caller exists. 
[0120] In the above configuration, an operation of 
the double-talk detecting apparatus in a single-talk state 
of the first state transition is initially described. 
[01 21 ] In the first adaptive filtering unit 5, a convolu- 
tion calculation of an impulse response of the echo of 
the near-end caller's side is perfomried for a delayed 
reception signal delayed in the first delaying unit 3 
according to the first filter coefficients, and a first 
pseudo-echo signal approximating the echo signal is 
produced. Thereafter, in the first subtracting unit 6, the 
first pseudo-echo signal is subtracted from a delayed 
transmission signal delayed in the second delaying unit 
4, and a first residual signal is produced. The first resid- 
ual signal is output to the first adaptive filtering unit 5, 
and the first filter coefficients are always renewed 
according to the first residual signal to reduce the first 
residual signal. Therefore, the first pseudo-echo signal 
closely approximating the echo signal can be produced, 
and the first residual signal is minimized. 
[0122] The renewed first filter coefficients are sent 
to the non-adaptive filtering unit 7. In the unit 7, a convo- 
lution calculation of the Impulse response of the echo 
path is performed for a reception signal currently 
received at the input temrtinal 1 according to the 
renewed first fitter coefficients, so that a second 
pseudo-echo signal is produced. In this case, though 
the renewed first filter coefficients are based on the 
reception signal received at a past time prior to the cur- 
rent time by a prescribed time-period T, because the 
time change of the echo signal is small, the second 
pseudo-echo signal closely approximates the echo sig- 
nal, and a second residual signal obtained in the second 
subtracting unit 8 is minimized in the same manner as 
the first residual signal. 

[0123] Thereafter, to keep the time consistency 
between the second residual signal and the first resid- 
ual signal, the second residual signal is delayed in the 
third delaying unit 9 to produce the delayed second 
residual signal, and a level ratio of the delayed second 
residual signal to the first residual signal is checked in 
the detecting unit 10. Because the level ratio is almost 
equal to 1 , a single-talk state is detected. 
[0124] Next, an operation of the double-talk detect- 
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ing apparatus in a double-talk state of the first state 
transition is described with reference to Fig. 1 1 . 
[0125] Fig. 11 shows a reception signal, a delayed 
transnnission signal, a first residual signal, a delayed 
second residual signal and a transmission signal 
detected in the double-talk detecting apparatus in the 
first state transition in which a single-talk state based on 
a far-end caller's voice is changed to a double-talk state 
based on the addition of a near-end caller's voice. The 
signals are indicated in a graph in which a Y-axis indi- 
cates a decibel (dB) level, and an X-axis indicates an 
elapsed time. 

[0126] As shown in Fig. 1 1 , a voice of the near-end 
caller is started at a time tO, so that a double-talk state 
is started. Thereafter, a difference between the delayed 
second residual signal and the first residual signal is 
increased with the time. The delayed second residual 
signal Is always higher than the first residual signal. 
[0127] In general, the first filter coefficients in the 
first adaptive filtering unit 5 is effectively renewed when 
an echo signal generated according to the convolution 
of the impulse response of the echo path from the 
reception signal, which is transmitted through the echo 
path of the near-end caller's side, is only input to the 
input terminal 2 as a transmission signal. That Is, when 
no voice of the near-end caller exists, the first filter coef- 
ficients are effectively renewed. However, because a 
voice of the near-end caller is included in the transmis- 
sion signal after the time tO, a talk state is changed to 
the double-talk state after the time tO. Therefore, the 
impulse response of the echo path cannot be correctly 
approximated by using the renewed first filter coeffi- 
cients. Therefore, the impulse response of the echo 
path is erroneously assumed. Hereafter this is defined 
as the deterioration of the first filter coefficients of the 
first adaptive filtering unit 5. 

[0128] In this case, the first filter coefficients are 
repeatedly renewed to always minimize the first residual 
signal regardless of whether the impulse response 
assumed by using the first filter coefficients approaches 
an ideal impulse response corresponding to the echo 
signal. Therefore, as shown in Fig. 11, the first filter 
coefficients are renewed after the time tO to minimize 
the first residual signal while the first filter coefficients 
deteriorate. Therefore, a deterioration factor indicating 
the deterioration of the first filter coefficients is con- 
cealed in the first residual signal, so that it is impossible 
to immediately detect the deterioration of the first filter 
coefficients by checking only the first residual signal. 
[0129] In contrast, the deterioration factor Is imme- 
diately indicated in the delayed second residual signal. 
The reason Is as follows. When the first filter coefficients 
are renewed in the first adaptive filtering unit 5 in the 
double-talk state, the first filter coefficients deteriorate, 
and the deteriorating first filter coefflcients are sent to 
the non-adaptive filtering unit 7. In the non-adaptive fil- 
tering unit 7, a convolution calculation of the impulse 
response of the echo path for the reception signal 



received at a cun-ent time is performed according to the 
deteriorating first filter coefficients. Because the deterio- 
rating first filter coefficients are obtained from the recep- 
tion signal transmitted at a past time which is prior to the 

5 current time by the prescribed time-period T, the deteri- 
oration factor included in the first filter coefficients is 
included in the second pseudo-echo signal produced in 
the non-adaptive filtering unit 7. Thereafter, when the 
second pseudo-echo signal is subtracted from the 

10 reception signal currently received to produce the sec- 
ond residual signal in the second subtracting unit 8, the 
deterioration factor is apparently indicated in the second 
residual signal. 

[0130] Thereafter, to keep the time consistency 
15 between the second residual signal and the first resid- 
ual signal, the second residual signal is delayed in the 
third delaying unit 9 to produce the delayed second 
residual signal. 

[0131] in the present invention, because the deteri- 

20 oration factor is apparently indicated in the delayed sec- 
ond residual signal in contrast to the first residual signal 
in which the deterioration factor is concealed, a level dif- 
ference between the delayed second residual signal 
and the first residual signal becomes large when the 

25 double-talk state is started. That is, in case of the single- 
talk state, the level difference becomes a very small 
value. In contrast, in case of the double-talk state, the 
level difference becomes remarkably large. Therefore, a 
level ratio of the delayed second residual signal to the 

30 first residual signal is checked in the detecting unit 10, 
and the double-talk state is immediately detected. 
[0132] In the signals shown in Fig. 1 1, a gain of the 
echo path (that is, the level ratio of the transmission sig- 
nal S to the reception signal X) is set to 0.5. Because 

35 the level ratio denotes a root-mean -square ratio (or an 
average amplitude ratio), the level ratio of 0.5 corre- 
sponds to -6 dB. 

[0133] In cases where the first conventional double- 
talk detecting method A is applied for the detection of 

40 the double-talk state, it is required to determine the con- 
stants pi , p2 and p3 corresponding to the environmen- 
tal conditions. When a gain 1/2 of the echo path is 
known, the constant p2 of the equation (2) con^espond- 
ing to the gain of the echo path can be set to the gain 

45 0.5. In this condition, when the time reach a time t3, a 
voice of the far-end caller exists (that is, the level X of 
the reception signal becomes higher than the constant 
value pi), and a level ratio S/X of the transmission sig- 
nal to the reception signal becomes higher than p2=0.5. 

50 Therefore in the first conventional double-talk detecting 
method A, the second condition is satisfied, that is to 
say, in which the equation (1) is not satisfied but the 
equation (2) is satisfied. Accordingly, the double-talk 
state can be detected at the time t3. 

55 [0134] However, in cases where the gain of the 
echo path is unknown, the constant p2 cannot be deter- 
mined in advance. Therefore, the double-talk state 
detection cannot be perfomied by judging the equation 
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(2), so that it is required to judge the third condition in 
which neither the equation (1) nor the equation (2) is 
satisfied but the equation (3) is satisfied. Because the 
convergence of the first filter coefficients is not consid- 
ered in the first conventional double-talk detecting 5 
method A to detect the double-talk state, in cases where 
the renewal of the first filter coefficients of the first adap- 
tive filtering unit 5 is performed from an initial condition, 
unless the constant p3 is set to a value equal to or 
higher than 1.0, the double-talk state is erroneously 
detected after the initial condition, so that the first filter 
coefficients cannot be renewed. Therefore, it is required 
to set the constant p3 to a value equal to or higher than 
1 .0. In cases where the constant p3 is set to 1 .0, when 
the level E of the first residual signal becomes higher 
than the level S of the transmission signal, the double- 
talk state is detected. This means that the detection of 
the double-talk state is considerably delayed In case of 
the unknown gain of the echo path as compared with 
that in case of the known gain of the echo path. 
[0135] Also, in case of the second conventional 
double-talk detecting method B is applied for the detec- 
tion of the double-talk state, it is required to judge 
whether or not the first filter coefficients are sufficiently 
converged. Supposing that it is judged that the first filter 
coefficients are sufficiently converged at a time ts in Fig. 
1 1 and a convergence ratio SM/EM (Y - X dB in Fig. 11) 
at the time ts is conrectly determined, because a ratio 
Sj/Ej reaches a half value (corresponding to Y - X - 6 dB 
in Fig. 1 1) of the converged ratio SM/EM at a time t2, the 
equation (4) is satisfied, so that the double-talk state 
can be detected at the time t2. Here, because the con- 
stant C2=1/2 is set in the equation (4), Sj/Ej correspond- 
ing to Y - X - 6 dB satisfies Sj/Ej < C2*SM/EM . 
[0136] However, in the second conventional double- 
talk detecting method B, there is a case that the judg- 
ment whether or not the first filter coefficients are suffi- 
ciently converged is not con-ectly perfomned. For 
example, in cases where it is en^oneously judged that 
the first filter coefficients are sufficiently converged 
again at a certain time after the time ts, a second con- 
vergence ratio SM/EM at the certain time becomes 
lower than that at the time ts. Therefore, a second ratio 
Sj/Ej required to satisfy the equation (4) for the second 
convergence ratio SM/EM becomes lower than that at 
the time t2, so that a second detection time correspond- 
ing to the second ratio Sj/Ej becomes later than the time 
t2. Accordingly, in cases where the judgment whether or 
not the first filter coefficients are sufficiently converged 
is not correctly performed, there is a possibility that it 
takes a longer time to detect the double-talk state. 
[0137] In contrast, in this embodiment, in cases 
where a difference between the delayed second resid- 
ual signal and the first residual signal becomes a pre- 
scribed value con-esponding to 0.5 dB, the double-talk 
state is detected in the detecting unit 10. That is, 
because the level ratio is equal to or larger than 0.5 dB 
at a time t1 in Fig. 11 , the detection of the double-talk 



state is judged at the time t1 in the detecting unit 1 0. 
Here the value 0.5 dB represents a low limit margin for 
the detection of the double-talk state occurring in the 
first state transition in which the single-talk state based 
on the existence of a voice of the far-end caller is 
changed to the double-talk state. 
[0138] The low limit margin is adjusted to 0.5 dB as 
a result of an experiment performed by the inventors of 
this application. That is, in cases where the low limit 
margin is set to 0.5 dB, even though the echo signal is 
changed with the echo path in a single-talk state to 
change a level ratio of the delayed second residual sig- 
nal to the first residual signal, a double-talk state is not 
erroneously detected In the single-talk state, and the 
first state transition from the single-talk state to the dou- 
ble-talk state can be reliably judged. 
[0139] Accordingly, because a deterioration degree 
of the first filter coefficients is estimated according to a 
difference between the delayed second residual signal 
and tile first residual signal and because the double-talk 
state is detected according to the level ratio of the 
delayed second residual signal to the first residual sig- 
nal, it is not required to judge whether or not the first fil- 
ter coefficients are sufficiently converged, and the 
double-talk state can be reliably detected in the first 
state transition while lessening a detection delay and 
without depending on any environmental conditions. 
[0140] In the double-talk detecting apparatus 
according to this embodiment, the double-talk state 
occun-ing in the first state transition is detected. A voice- 
less state and a double-talk state occumng in the sec- 
ond state transition can be detected in a conventional 
double-talk detecting apparatus. Therefore, In cases 
where the double-talk detecting apparatus according to 
this embodiment is combined with the conventional 
double-talk detecting apparatus, a final judging result 
can be obtained from the double-talk detecting result of 
the double-talk detecting apparatus and another dou- 
ble-talk detecting result of the conventional double-talk 
detecting apparatus. 

[0141] In this embodiment and following embodi- 
ments, the LMS algorithm is used. However, another 
adaptive algorithm such as Karman method is applica- 
ble to renew the first filter coefficients. 

EMBODIMENT 2 

[0142] In this embodiment, a double-talk state 
occumng in the first state transition is detected In a dou- 
ble-talk detecting apparatus. 

[0143] Fig. 2 is a block diagram of a double-talk 
detecting apparatus according to a second embodiment 
of the present invention. 

[0144] As shown in Rg. 2, a reference numeral 101 
denotes an input terminal, and the input terminal 1 01 
receives a reception signal indicating a voice of a far- 
end caller transmitted through a transmission path. 
[0145] A reference numeral 102 denotes an input 
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terminal, and the input terminal 102 receives an echo 
signal generated from the reception signal, which is 
transmitted from an output tenminal of the reception sig- 
nal through an echo path of a near-end caller's side, 
according to an acoustic coupling or the like as a trans- 5 
mission signal in a single-talk state of the first state tran- 
sition and receives a transmission signal, in which the 
echo signal is superposed on a near-end caller's voice, 
in a double-talk state of the first state transition. 
[0146] A reference numeral 103 denotes a first 10 
delaying unit, and the first delaying unit 103 delays the 
reception signal received at the input terminal 101 by a 
prescribed time-period T to produce a delayed recep- 
tion signal. 

[0147] A reference numeral 104 denotes a second 15 
delaying unit, and the second delaying unit 104 delays 
the transmission signal received at the input tenninal 
1 02 by the same prescribed time-period T to produce a 
delayed transmission signal. 

[0148] A reference numeral 105 denotes a first 20 
adaptive fiitering unit having first filter coefficients, and 
the first adaptive filtering unit 105 always renews the 
first filter coefficients to make an impulse response 
based on the first filter coefficients approximate an 
actual impulse response of the echo path of the near- 25 
end caller's side, according to a first residual signal, 
which indicates a difference between the transmission 
signal and a first pseudo-echo signal obtained from the 
reception signal and perfomns a convolution cateulation 
of the impulse response of the echo path for the recep- 30 
tion signal currently received at the input terminal 101 
according to the renewed first fitter coefficients to pro- 
duce the first pseudo-echo signal. The renewed first fil- 
ter coefficients deteriorating in the double-talk state. 
[0149] A reference numeral. 106 denotes a first 35 
subtracting unit, the first subtracting unit 106 subtracts 
the first pseudo-echo signal produced in the first adap- 
tive filtering unit 105 from the transmission signal cur* 
rently received at the input tenninal 102 to produce the 
first residual signal, in which an echo component of the 40 
reception signal indicated by the echo signal is removed 
in the single-talk state, and outputs the first residual sig- 
nal to the first adaptive filtering unit 1 05. 
[0150] A reference numeral 107 denotes a non- 
adaptive filtering unit, the non-adaptive filtering unit 1 07 45 
receives the renewed first filter coefficients, which is 
based on the reception signal received at the input ter- 
minal 101 at the current time, from the first adaptive fil- 
tering unit 105 and performs a convolution cateulation of 
the impulse response of the echo path for the delayed so 
reception signal, which is based on the reception signal 
received at the input terminal 1 01 at a past time prior to 
the current time by the prescribed time-period T, accord- 
ing to the renewed first filter coefficients to produce a 
second pseudo-echo signal in which a deterioration fac- 55 
tor indicating the deterioration of the renewed first filter 
coefficients is included. 

[0151] A reference numeral 108 denotes a second 



subtracting unit, and the second subtracting unit 108 
subtracts the second pseudo-echo signal produced in 
the non-adaptive filtering unit 107 from the delayed 
transmission signal produced in the second delaying 
unit 104 to produce a second residual signal indicating 
the deterioration of the renewed first filter coefficients. 
[0152] A reference numeral 109 denotes a third 
delaying unit, and the third delaying unit 109 delays the 
first residual signal produced in the first subtracting unit 
1 06 by the same prescribed time-period T to produce a 
delayed first residual signal. 

[0153] A reference numeral 110 denotes a detect- 
ing unit, and the detecting unit 1 10 judges whether or 
not a level ratio of the second residual signal produced 
in the second subtracting unit 108 to the delayed first 
residual signal produced in the third delaying unit 109 is 
equal to or larger than a prescribed value, detects a talk 
state as a double-talk state in cases where the level 
ratio is equal to or larger than the prescribed value and 
outputs a double-talk detecting result from an output ter- 
minal 111. 

[0154] In the first adaptive filtering unit 105, the 
LMS algorithm is used to renew the first filter coeffi- 
cients. The renewal of the first fitter coefficients in the 
first adaptive filtering unit 105 is always performed when 
a voice of the far-end caller exists. 
[0155] In the above configuration, an operation of 
the double-talk detecting apparatus in the first state 
transition is described. 

[0156] In the first adaptive filtering unit 105, a first 
pseudo-echo signal approximating the echo signal is 
produced from a reception signal currently received 
from the far-end caller at the input terminal 101 accord- 
ing to the first filter coefficients. Thereafter, in the first 
subtracting unit 1 06, the first pseudo-echo signal is sub- 
tracted from a transmission signal currently received at 
the input tenninal 102, and a first residual signal is pro- 
duced. The first residual signal is output to the first 
adaptive filtering unit 1 05 to always renew the first filter 
coefficients according to the first residual signal, so that 
the first residual signal is reduced. Therefore, in cases 
where no near-end caller's voice exists in the transmis- 
sion signal, the first pseudo-echo signal closely approx- 
imating the echo signal is produced in the same manner 
as in the first embodiment, and the first residual signal is 
minimized. 

[0157] The renewed first filter coefficients are sent 
to the non-adaptive filtering unit 107, and a second 
pseudo-echo signal is produced from a delayed recep- 
tion signal received at the input terminal 101 at a past 
time prior to the current time by a prescribed time- 
period T according to the renewed first filter coefficients 
based on the reception signal cun-ently received. 
[0158] Therefore, because a receiving time of the 
reception signal used for the renewal of the first filter 
coefficients differs from that of the reception signal proc- 
essed in the non-adaptive filtering unit 107, in cases 
where the echo signal is superposed on a near-end 
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caller's voice to change the single-talk state to the dou* 
ble-talk state, the first fitter coefficients deteriorate in the 
renewal operation, a deterioration factor is included in 
the second pseudo-echo signal in the same manner as 
in the first embodiment, and the deterioration factor is 
apparently indicated as a second residual signal 
obtained in the second subtracting unit 1 08. 
[0159] Thereafter, in the detecting unit 110, a level 
ratio of the second residual signal to the delayed first 
residua! signal is checked. In case of the single-talk 
state, the level ratio is almost equal to 1 in the same 
manner as in the first embodiment. In contrast, in cases 
where the single-talk state is changed to the double-talk 
state in the first state transition, because the deteriora- 
tion factor is apparently indicated in the second residual 
signal, the level ratio becomes sufficiently large (for 
example, 0.5 dB). Therefore, the double-talk state Is 
immediately detected, and a double-talk detecting result 
is output. 

[0160] Accordingly, because a deterioration degree 
of the first filter coefficients is estimated according to a 
difference between the second residual signal and the 
delayed first residual signal and because the double- 
talk state is detected according to the level ratio of the 
second residual signal to the delayed first residual sig- 
nal, it Is not required to judge whether or not the first fil- 
ter coefficients are sufficiently converged, and the 
double-talk state can be reliably detected in the first 
state transition while lessening a detection delay and 
without depending on any environmental conditions. 
[0161] In the double-talk detecting apparatus 
according to this embodiment, the double-talk state 
occurring in the first state transition is detected. A voice- 
less state and a double-talk state occurring in the sec- 
ond state transition can be detected in a conventional 
double-talk detecting apparatus. Therefore, in cases 
where the double-talk detecting apparatus according to 
this embodiment is combined with the conventional 
double-talk detecting apparatus, a final judging result 
can be obtained from the double-talk detecting result of 
the double-talk detecting apparatus and another dou- 
ble-talk detecting result of the conventional double-talk 
detecting apparatus. 

EMBODIMENTS 

[0162] Rg. 3 is a block diagram of a double-talk 
detecting apparatus according to a third embodiment of 
the present invention. 

[0163] As shown in Fig. 3, a reference numeral 201 
denotes an input terminal, and the input terminal 201 
receives a reception signal indicating a voice of a far- 
end caller transmitted through a transmission path. 
[0164] A reference numeral 202 denotes an input 
terminal, and the input terminal 202 receives an echo 
signal generated from the reception signal, which is 
transmitted from an output tenninal of the reception sig- 
nal through an echo path of a near-end caller's side, 



according to an acoustic coupling or the like as a trans- 
mission signal in a single-talk state of the first state tran- 
sition and receives a transmission signal, in which the 
echo signal is superposed on a near-end caller's voice, 

5 in a double-talk state of the first state transition. 

[0165] A reference numeral 205 denotes a first 
adaptive filtering unit having first filter coefficients, and 
the first adaptive filtering unit 205 always renews the 
first filter coefficients in renewal time-intervals to make 

10 an impulse response based on the first filter coefficients 
approximate an actual impulse response of the echo 
path of the near-end caller's side, according to a first 
residual signal, which indicates a difference between 
the transmission signal and a first pseudo-echo signal 

15 obtained from the reception signal and perfonns a con- 
volution calculation of the impulse response of the echo 
path for the reception signal cun^entty received at the 
input terminal 201 according to the first filter coefficients 
currently-renewed to produce the first pseudo-echo sig- 

20 nal. The renewed first filter coefficients deteriorate in the 
double-talk state. 

[0166] A reference numeral 206 denotes a first sub- 
tracting unit, the first subtracting unit 206 subtracts the 
first pseudo-echo signal produced in the first adaptive 

25 filtering unit 205 from the transmission signal cun-ently 
received at the input tenninal 202 to produce the first 
residual signal, in which an echo component of the 
reception signal indicated by the echo signal is removed 
in the single-talk state, and outputs the first residual sig- 

30 nal to the first adaptive filtering unit 205. 

[0167] A reference numeral 212 denotes a filter 
coefficient storing unit, and the filter coefficient storing 
unit 212 receives a group of the first filter coefficients 
currently-renewed in the first adaptive filtering unit 205 

35 each time the group of the first filter coefficients are 
renewed in the first adaptive filtering unit 205 and 
repeatedly stores the group of the renewed first filter 
coefficients, while abandoning the (N+1)-th group of the 
first filter coefficients renewed just before the N renewal 

40 operations recently perfomied, to always store N groups 
of the renewed first filter coefficients recently obtained. 
The i-th group (1=1,2,--, N) of the renewed first filter 
coefficients is obtained just before the (i-l)-th renewed 
first filter coefficients. 

45 [0168] A reference numeral 207 denotes a non- 
adaptive filtering unit, the non-adaptive filtering unit 207 
receives the N-th group of the first filter coefficients from 
the filter coefficient storing unit 212 and performs a con- 
volution calculation of the impulse response of the echo 

50 path for the reception signal cun-ently received at the 
input tenninal 201, according to the N-th group of the 
renewed first filter coefficients to produce a second 
pseudo-echo signal in whk^h a deterioration factor indi- 
cating the deterioration of the renewed first filter coeffi- 

55 cients is included in the double-talk state. N times of the 
renewal time-period is equivalent to the prescribed 
time-period T. 

[0169] A reference numeral 208 denotes a second 
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subtracting unit, and the second subtracting unit 208 
subtracts the second pseudo-echo signal produced in 
the non-adaptive filtering unit 207 from the transmission 
signal currently received at the input tenninal 202 to 
produce a second residual signal indicating the deterlo- 5 
ration of the renewed first filter coefficients in the dou- 
ble-talk state. 

[0170] A reference numeral 210 denotes a detect- 
ing unit, and the detecting unit 210 judges whether or 
not a level ratio of the second residual signal produced 10 
in the second subtracting unit 208 to the first residual 
signal produced in the first subtracting unit 206 is equal 
to or larger than a prescribed value, detects a talk state 
as a double-talk state in cases where the level ratio is 
equal to or larger than the prescribed value and outputs is 
a double-talk detecting result from an output terminal 
211. 

[0171] In the first adaptive filtering unit 205, the 
LMS algorithm is used to renew the first filter coeffi- 
cients. The renewal of the first filter coefficients in the 20 
first adaptive filtering unit 205 is always performed when 
a voice of the far-end caller exists. 
[0172] In the above configuration, the renewal of 
the first filter coefficients and the production of a first 
residual signal are performed in the first adaptive filter- 25 
ing unit 205 and first subtracting unit 206 in the same 
manner as the renewal and production performed in the 
first adaptive filtering unit 105 and the first subtracting 
unit 106 shown in Fig. 2. Thereafter, the first residual 
signal is input to the detecting unit 210. Also, the group 30 
of the first filter coefficients currently-renewed are 
received in the filter coefficient storing unit 212 each 
fime the renewal operation is performed in the first 
adaptive filtering unit 205, and N groups of the first filter 
coefficients recently renewed are always stored in the 35 
filter coefficient storing unit 21 2. 
[0173] Thereafter, the N-th group of the first filter 
coefficients con^espondlng to the most past time in the N 
groups stored in the filter coefficient storing unit 212 are 
transmitted to the non-adaptive filtering unit 207. In this 40 
unit 207, a second pseudo-echo signal is produced from 
a recepfion signal currently received at the input termi- 
nal 201 according to the N-th group of the renewed first 
filter coefficients in the same manner as the production 
performed in the non-adaptive filtering unit 7 or 107 in 45 
the first and second embodiments. Thereafter, in the 
second subtracting unit 208, the second pseudo-echo 
signal is subtracted from the reception signal currently 
received at the input terminal 201 to produce a second 
residual signal, and the second residual signal is input so 
to the detecting unit 210. Thereafter, in the detecting 
unit 210, a double-talk state is detected according to the 
first residual signal and the second residual signal in the 
same manner as the detection perfomned in the detect- 
ing unit 1 0 or 1 1 0 in the first and second embodiments. 55 
[0174] Accordingly, because a second pseudo- 
echo signal is produced in the non-adaptive filtering unit 
207 according to the N-th group of the renewed first fil- 



ter coefficients obtained at a past time prior to the cur- 
rent time by the N times of the renewal time-period 
equivalent to the prescribed time-period T, it is not 
required to judge whether or not the first filter coeffi- 
cients are sufficiently converged, and the double-talk 
state can be reliably detected in the first state transition 
while lessening a detection delay and without depend- 
ing on any environmental conditions. 
[0175] Also, because no delaying unit an^nged on 
the signal transmission line of the reception signal or the 
transmission signal in the first embodiment or the sec- 
ond embodiment is used in this embodiment, the detec- 
tion delay for the transition to the double-talk state can 
be shortened, and the double-talk detecting apparatus 
not depending on any operation condition can be 
obtained. 

[0176] In the double-talk detecting apparatus 
according to this embodiment, the double-talk state 
occunring in the first state transition is detected. A voice- 
less state and a double-talk state occurring in the sec- 
ond state transition can be detected in a conventional 
double-talk detecting apparatus. Therefore, in cases 
where the double-talk detecting apparatus according to 
this embodiment is combined with the conventional 
double-talk detecting apparatus, a final judging result 
can be obtained from the double-talk detecting result of 
the double-talk detecting apparatus and another dou- 
ble-talk detecting result of the conventional double-talk 
detecting apparatus. 

EMBODIMENT 4 

[0177] Fig. 4 is a block diagram of a double-talk 
detecting apparatus according to a fourth embodiment 
of the present invention. The description of composing 
elements indicated by reference numerals, which are 
the same as those used in Fig. 3, is omitted because the 
composing elements of Fig. 4 are the same as or equiv- 
alent to those of Rg. 3 indicated by the same reference 
numerals as those of Fig. 4. 

[0178] As shown in Fig. 4, a double-talk detecting 
apparatus comprises: 

the input terminal 201 ; the input terminal 202; the 
first adaptive filtering unit 205; the first subtracting 
unit 206; and 

the filter coefficient storing unit 212 for repeatedly 
receiving one group of the first filter coefficients cur- 
rently renewed in the first adaptive filtering unit 205 
and storing the group of the first filter coefficients 
while abandoning the (N+1)-th group of the first fil- 
ter coefficients stored prior to the other N groups of 
the first filter coefficients stored, to always store the 
N groups of the first filter coefficients recently 
renewed in the first adaptive filtering unit 205, the i- 
th group (i=1 ,2,--, N) of the renewed first filter coef- 
ficients being stored just before the (l-l)-th group of 
the renewed first filter coefficients. 
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[0179] In addition, a reference numeral 213 denotes 
a filter coefficient transmission control unit, and the filter 
coefficient transmission control unit 213 controls the 
transmission of a group of the first filter coefficients cur- 
rently renewed in the first adaptive filtering unit 205 by 5 
comparing the group of the currently-renewed first filter 
coefficients with the N groups of the first filter coeffi- 
cients stored in the filter coefficient storing unit 212, by 
abandoning the group of the cunrently-renewed first fil- 
ter coefficients in cases where it is judged according to 
a double-talk detecting result that the group of the cur- 
rently-renewed first filter coefficients considerably dete- 
riorates or the group of the currently-renewed first fitter 
coefficients is almost the same as the N groups of the 
first filter coefficients stored in the filter coefficient stor- 
ing unit 212, by allowing the adoption of the group of the 
cun-ently-renewed first filter coefficients in cases where 
the abandoning of the group of the currently-renewed 
first filter coefficients is not judged, and by transmitting 
the adoption-allowed group of the currently-renewed 
first filter coefficients to the filter coefficient storing unit 
21 2 to store the group of the currently-renewed first filter 
coefficients in the filter coefficient storing unit 21 2 as the 
first group of the first filter coefficients renewed. 
[0180] The double-talk detecting apparatus further 
comprises: the non-adaptive filtering unit 207; the sec- 
ond subtracting unit 208; and 

the detecting unit 210 for judging whether or not a 

level ratio of the second residual signal produced in 
the second subtracting unit 208 to the first residual 
signal produced in the first subtracting unit 206 is 
equal to or larger than a prescribed value, detecting 
a talk state as a double-talk state in cases where 
the level ratio is equal to or larger than the pre- 
scribed value and outputting the double-talk detect- 
ing result from an output tenninal 21 1 to the filter 
coefficient transmission control unit 213 and an out- 
side apparatus. 

[0181] In the above configuration, an operation of 
the double-talk detecting apparatus is described. 
[0182] There is a first case that a group of the first 
filter coefficients renewed in the first adaptive filtering 
unit 205 is suddenly changed though the single-talk 
state is continued. In this case, it is assumed that the 
group of the first filter coefficients renewed considerably 
deteriorates, so that it is better that the group of the first 
filter coefficients renewed is abandoned. 
[0183] Also, in cases where the steady condition of 
the reception signal continues for a long time in the sin- 
gle-talk state, a plurality of groups of the first filter coef- 
ficients renewed in the first adaptive filtering unit 205 
are almost the same as each other. In this second case, 
it is better that the groups of the renewed first filter coef- 
ficients almost the same as each other are abandoned. 
[0184] In this embodiment, a double-talk detecting 
result obtained in the detecting unit 21 0 is sent to the fil- 



ter coefficient transmission control unit 213. In the unit 
213, it is detected whether or not a talk state is the sin- 
gle-talk state or the double-talk state, and the group of 
the cun'ently-renewed first filter coefficients is compared 
with the N groups of the first filter coefficients stored in 
the filter coefficient storing unit 212. In cases where the 
group of the currently-renewed first fitter coefficients is 
suddenly changed in the single-talk state, it is assumed 
that the group of the cunrently-renewed first filter coeffi- 
cients considerably deteriorates, so that the group of the 
currently-renewed first filter coefficients is abandoned. 
Also, in cases where the group of the cun-ently-renewed 
first filter coefficients is almost the same as the N 
groups of the first filter coefficients stored in the filter 
coefficient storing unit 212 in the single-talk state, it is 
assumed that the steady condition of the reception sig- 
nal continues for a long time in the single-talk state, so 
that the group of the currently-renewed first filter coeffi- 
cients IS abandoned. 

[0185] In contrast, in cases where the group of the 
currently-renewed first filter coefficients is not aban- 
doned but is adopted, the group of the currently- 
renewed first filter coefficients is transmitted to the filter 
coefficient storing unit 212, and the group of the cur- 
rently-renewed first filter coefficients is stored in the 
storing unit 212 as the first group of the first filter coeffi- 
cients while the (N+1)-th group of the first filter coeffi- 
cients stored prior to the other N groups of the first filter 
coefficients stored is abandoned. Therefore, the N 
groups of the first filter coefficients, which are recently 
renewed in the first adaptive filtering unit 205 and are 
allowed in the filter coefficient transmission control unit 
213, are stored in the filter coefficient storing unit 212. 
[0186] Thereafter, in the non-adaptive filtering unit 
207, a second pseudo-echo signal is produced from a 
reception signal currently received at the input terminal 
201 according to the N-th group of the first filter coeffi- 
cients oldest in the storing unit 212 in the same manner 
as in the third embodiment, and the double-talk state is 
detected in the same manner as In the third embodi- 
ment. 

[0187] Accordingly, because the group of the cur- 
rently-renewed first filter coefficients is abandoned in 
cases where the group of the currently-renewed first fil- 
ter coefficients considerably deteriorates or the group of 
the currently-renewed first filter coefficients is almost 
the same as the N groups of the first filter coefficients 
stored in the fitter coefficient storing unit 212, the dou- 
ble-talk state can be stably detected. 
[0188] Also, because the group of the currently- 
renewed first filter coefficients is not stored each time 
the group of the currently-renewed first filter coefficients 
is obtained in the first adaptive filtering unit 205, even 
though a memory capacity of the fitter coefficient storing 
unit 212 is lower than that in the third embodiment, the 
double-talk state can be stably detected. Therefore, the 
memory capacity of the filter coefficient storing unit 212 
can be lessened. 
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[0189] Also, in the same manner as in the third 
embodiment, no delaying unit is required, it is not 
required to judge whether or not the first fitter coeffi- 
cients are sufficiently converged, and the double-talk 
state can be reliably detected in the first state transition $ 
while lessening a detection delay and without depend- 
ing on any environmental conditions. 
[0190] In this embodiment, the group of the cur- 
rently-renewed first fitter coefficients is compared in the 
filter coefficient transmission control unit 213 with all the io 
N groups of the first filter coefficients stored in the filter 
coefficient storing unit 21 2. However, it is applicable that 
the group of the cun^entty-renewed first filter coefficients 
be compared with one or more groups of the first filter 
coefficients selected from the N groups of the first filter is 
coefficients. 

EMB0DIIVIENT5 

[0191] Fig. 5 is a bioclc diagram of a double-talk 20 
detecting apparatus according to a fifth embodiment of 
the present invention. The description of composing 
elements indicated by reference numerals, which are 
the same as those used In Fig. 3, is omitted because the 
composing elements of Fig. 5 are the same as or equiv- 25 
alent to those of Fig. 3 indicated by the same reference 
numerals as those of Fig. 5. 

[0192] As shown in Fig. 5, a double-talk detecting 
apparatus comprises: 

30 

the input terminal 201; the input terminal 202; the 
first adaptive filtering unit 205; the first subtracting 
unit 206; and 

the fitter coefficient storing unit 21 2 for rapeatedty 
receiving one group of the first filter coefficients cur- 35 
rently renewed in the first adaptive filtering unit 205 
and storing the group of the first filter coefficients 
while abandoning the (M+1)-th group of the first fil- 
ter coefficients stored prior to the other M groups of 
the first filter coefficients stored, to always store the 40 
M groups of the first filter coefficients recently 
renewed in the first adaptive filtering unit 205, the i- 
th group (i=1 ,2,-, M) of the renewed first filter coef- 
ficients being stored just before the (i-1 )-th group of 
the renewed first filter coefficients. 45 

[01 93] In addition, a reference numeral 207 denotes 
N (M g N) non-adaptive filtering units (represented by a 
first non-adaptive filtering unit 207-1, a second non- 
adaptive filtering unit 207-2, and an N-th non-adaptive so 
filtering unit207-N). Each non-adaptive filtering unit 207 
receives one group of the renewed first filter coefficients 
from the filter coefficient storing unit 21 2 and performs a 
convolution calculation of the Impulse response of the 
echo path for the reception signal currently received at 55 
the input terminal 201 , according to the group of the 
renewed first fitter coefficients to produce a j-th pseudo- 
echo signal (j=2,3,-,N+1) in which a deterioration factor 



indicating the deterioration of the renewed first filter 
coefficients is included. The N groups of the renewed 
first filter coefficients received in the N non-adaptive fil- 
tering units 207 are different from each other, and the j- 
th group of the renewed first fitter coefficients received 
in the j-th non-adaptive filtering unit 207-j is obtained in 
the first adaptive filtering unit 205 prior to the G-1)-th 
group of the renewed first fitter coefficients received in 
the 0-1)*th non-adaptive filtering unit 207-G-1). 
[0194] A reference numeral 208 denotes N second 
subtracting units (represented by a second subtracting 
unit 208-1, a second subtracting unit 208-2 and an sec- 
ond subtracting unit 208-N). Each second subtracting 
unit 208 subtracts the j-th pseudo-echo signal produced 
in the non-adaptive filtering unit 207-Q-1 ) from the trans- 
mission signal currently received in the input temninat 
202 to produce a j-th residual signal indicating the dete- 
rioration of the group of the renewed first fitter coeffi- 
cients in the double-talk state. 

[0195] A reference numeral 214 denotes a plural- 
group filter coefficient transmission control unit, and the 
plural-group fitter coefficient transmission control unit 
214 controls the transmission of a group of the first fitter 
coefficients curently renewed In the first adaptive titter- 
ing unit 205. That is, the plural-group filter coefficient 
transmission control unit 214 compares the group of the 
currently-renewed first filter coefficients with the M 
groups of the first fitter coefficients stored in the fitter 
coefficient storing unit 212, the plural-group filter coeffi- 
cient transmission control unit 214 abandons the group 
of the currently-renewed first filter coefficients in cases 
where it is judged according to a double-talk detecting 
result that the group of the currently-renewed first fitter 
coefficients considerably deteriorates or the group of 
the currently-renewed first filter coefficients is almost 
the same as the M groups of the first filter coefficients 
stored In the filter coefficient storing unit 212, the plural- 
group filter coefficient transmission control unit 214 
allows the adoption of the group of the currently- 
renewed first filter coefficients in cases where the aban- 
doning of the group of the currently- renewed first filter 
coefficients is not judged, and the plural-group filter 
coefficient transmission control unit 214 transmits the 
adoption-allowed group of the currently-renewed first fil- 
ter coefficients to the filter coefficient storing unit 212 to 
store the group of the currently-renewed first fitter coef- 
ficients in the filter coefficient storing unit 21 2 as the first 
group of the first filter coefficients renewed. Thereafter, 
the plural-group filter coefficient transmission control 
unit 214 outputs a control signal which indicates one or 
more non -adaptive filtering units 207 selected from the 
N non-adaptive filtering units 207. 
[0196] The double-talk detecting apparatus further 
comprises the detecting unit 210 for selecting one or 
more j-th residual signals produced in one or more sec- 
ond subtracting units 208 coresponding to one or more 
non-adaptive filtering units 207 according to the control 
signal output from the plural-group filter coefficient 
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transmission control unit 214, determining an average 
residual signal having an average power of one or more 
powers of the j-th residual signals, judging whether or 
not a level ratio of the average residual signal to the first 
residual signal produced in the first subtracting unit 206 5 
is equal to or larger than a prescribed value, detecting a 
talk state as a double-talk state in cases where the level 
ratio is equal to or larger than the prescribed value and 
outputting the double-talk detecting result from an out- 
put terminal 211 to the plural-group filter coefficient 
transmission control unit 214 and an outside apparatus. 
[0197] In the above configuration, the transmission 
of the group of the cun^ently-renewed first filter coeffi- 
cients is controlled in the plural-group filter coefficient 
transmission control unit 21 4 in the same manner as the 
control of the filter coefficient transmission control unit 
213 of the fourth embodiment, and the group of the cur- 
rently-renewed first filter coefficients adopted in the plu- 
ral-group fitter coefficient transmission control unit 214 
is stored in the filter coefficient storing unit 212 in the 
same manner as in the fourth embodiment. Thereafter, 
N groups of the renewed first filter coefficients are 
selected from the M groups of the renewed first filter 
coefficients (M & N) stored in the filter coefficient storing 
unit 212 according to a predetennined selection and are 
stored in the N non-adaptive filtering units 207 in one-to- 
one correspondence. 

[0198] Thereafter, in each non-adaptive filtering unit 
207, a j-th pseudo-echo signal is produced from a 

reception signal currently received at the input tenninal 
201 according to the (j-1 )-th group of the first fitter coef- 
ficients in the same manner as in the third embodiment, 
and the N pseudo-echo signals are sent to the detecting 
unit 210. 

[0199] In the detecting unit 21 0, one or more resid- 
ual signals produced in one or more second subtracting 
units 208 corresponding to one or more non-adaptive fil- 
tering units 207 are selected from the N residual signals 
according to the control signal output from the plural- 
group filter coefficient transmission control unit 214. For 
example, in cases where it is judged in the plural-group 
filter coefficient transmission control unit 214 that a 
steady condition of the reception signal is continued in 
the single-talk state, the control signal is output to the 
detecting unit 210 to decrease the number of selected 
residual signals. Also, in cases where the transition from 
the single-talk state to the double-talk state is detected 
in the plural-group filter coefficient transmission control 
unit 214 according to the double-talk detecting result 
transmitted from the detecting unit 210, the control sig- 
nal is output to the detecting unit 210 to increase the 
number of selected residual signals. Thereafter, an 
average residual signal having an average power of one 
or more powers of the selected residual signals is deter- 
mined, and a double-talk detecting result is obtained 
according to the average residual signal and the first 
residual signal produced in the first subtracting unit 206 
in the same manner as in the third embodiment. 



[0200] Accordingly because the transition from the 
single-talk state to the double-talk state is detected 
according to one or more residual signals based on one 
or more groups of the renewed first filter coefficients, the 
transition to the double-talk state can be moreover relia- 
bly detected. 

[0201] Also, because the number of one or more 
residual signals selected in the detecting unit 210 is 
changed in dependence on environmental conditions, a 
stable operation of the double-talk detecting apparatus 
can be perfomned in any environmental conditions. 
Therefore, the double-talk detecting apparatus Is useful 
in any environmental conditions. 
[0202] Also, because the group of the currently- 
renewed first fitter coefficients is abandoned in the 
same manner as in the fourth embodiment, the double- 
talk state can be stably detected in the same manner as 
in the fourth embodiment. 

[0203] In this embodiment, the control signal indi- 
cating the selection of one or more residual signals cor- 
responding to one or more non-adaptive filtering units 
207 Is automatically produced in the plural-group filter 
coeffteient transmission control unit 214. However, it is 
applicable that the selection of one or more residual sig- 
nals be manually performed by an operator. 
[0204] Also, in this embodiment, in cases where the 
level ratio of the average residual signal to the first resid- 
ual signal is equal to or larger than the prescribed value, 
the transition to a double-talk state is detected in the 
detecting unit 210. However, it is applicable that a time- 
change of (N+1) power values of N residual signals and 
the first residual signal corresponding to (N+l) groups 
of the renewed firat fitter coefficients arranged in the 
renewing order be observed to detect the transition to a 
double-talk state according to the time-change and the 
level ratio. For example, in cases where it is detected in 
the detecting unit 21 0 according to the time-change that 
the power value is gradually increased with the time, 
because the group of the first filter coefficients renewed 
in the first adaptive filtering unit 205 gradually deterio- 
rates, it is assumed that the transition to a double-talk 
state Is detected. Therefore, in this case, the prescribed 
value is decreased, and the transition to a double-talk 
state can be Immediately detected. In contrast, in cases 
where it is detected in the detecting unit 210 according 
to the time-change that the power value is gradually 
decreased with the time, because it is assumed that the 
single-talk state is continued, the prescribed value is 
increased. Therefore, the erroneous detection of the 
transition to a double-talk state can be prevented even 
though one group of the first filter coefficients renewed 
In the first adaptive filtering unit 205 is suddenly 
changed. 

[0205] Also, in this embodiment, the group of the 
currently-renewed first filter coefficients is compared in 
the plural-group filter coefficient transmission control 
unit 214 with all the M groups of the first fitter coeffi- 
cients stored in the filter coefficient storing unit 212. 
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However, it is applicable that the group of the currently- 
renewed first filter coefficients be compared with one or 
more groups of the first filter coefficients selected from 
the M groups of the first fitter coefficients. 

EMBODIMENTS 

[0206] Fig. 6 is a block diagram of an echo canceller 
using the double-talk detecting apparatus shown in Fig. 
1 or Fig. 2 according to a sixth embodiment of the 
present invention. 

[0207] As shown in Rg. 6, a reference numeral 304 
denotes a double-talk state detecting unit, in which the 
double-talk detecting apparatus according to the first 
embodiment, the second embodiment, the third embod- 
iment, the fourth embodiment or the fifth embodiment is 
combined with a conventional double-talk detecting 
apparatus for detecting a voiceless state and a double- 
talk state occurring in the second state transition. The 
double-talk state detecting unit 304 detects a double- 
talk state occurring in the first state transition, a double- 
talk state occurring in the second state transition or a 
voiceless state of a reception signal (or no voice of a far- 
end caller) received at an input terminal 301 according 
to the reception signal indicating a voice of the far-end 
caller and a transmission signal, in which an echo signal 
of the reception signal transmitted through an echo path 
of a near-end caller's side is superposed on a near-end 
caller's voice in a double-talk state, received at an input 
terminal 302 and outputs a double-talk detecting result 
indicating the detection of the double-talk state occur- 
ring in the first or second state transition or the detection 
of the voiceless state of the reception signal. 
[0208] A reference numeral 305 denotes a second 
adaptive filtering unit having second filter coefficients. 
The second adaptive filtering unit 305 renews the sec- 
ond filter coefficients to make an impulse response 
based on the first filter coefficients approximate an 
actual impulse response of the echo path of the near- 
end caller's side, according to an echo cancelled trans- 
mission signal, which indicates a difference between 
the transmission signal and a third pseudo-echo signal 
obtained from the reception signal, when no double-talk 
detecting result is received from the double-talk state 
detecting unit 304, and performs a convolution calcula- 
tion of the impulse response of the echo path for the 
reception signal received at the input terminal 301 
according to the renewed second filter coefficients to 
produce the third pseudo-echo signal. 
[0209] A reference numeral 306 denotes a third 
subtracting unit, and the third subtracting unit 306 sub- 
tracts the third pseudo-echo signal produced in the sec- 
ond adaptive filtering unit 305 from the transmission 
signal received at the input terminal 302 to produce the 
echo cancelled transmission signal, in which the echo 
signal is removed from the transmission signal, returns 
the echo cancelled transmission signal to the second 
adaptive filtering unit 305 and outputs the echo can- 



celled transmission signal from an output terminal 303 
to the far-end caller through a transmission path. 
[0210] In the above configuration, an operation of 
the echo canceller is described. 

5 [021 1] In the double-talk state detecting unit 304, a 
double-talk state occurring in the first state transition, a 
double-talk state occun'ing in the second state transition 
or a voiceless state of the reception signal (or no voice 
of the far-end caller) is detected according to the recep- 

10 tion signal and the transmission signal, and a double- 
talk detecting result indicating the detection of the dou- 
ble-talk state occuning in the first or second state tran- 
sition or the detection of the voiceless state of the 
reception signal is output to the second adaptive fitter- 

15 ing unit 305. 

[0212] In the unit 305, a convolution calculation of 
the impulse response of the echo path is perfonned for 
the reception signal according to the second filter coef- 
ficients to produce a third pseudo-echo signal. The third 

20 pseudo-echo signal is subtracted from the transmission 
signal in the third subtracting unit 306, so that an echo 
cancelled transmission signal is produced. The echo 
cancelled transmission signal is input to the second 
adaptive filtering unit 305. 

25 [0213] In the unit 305, when no double-talk detect- 
ing result is received from the double-talk state detect- 
ing unit 304, the second filter coefficients are renewed 
according to the echo cancelled transmission signal to 
make an impulse response based on the first fitter coef- 

30 ficients approximate an actual impulse response of the 
echo path of the near-end caller's side, so that the third 
pseudo-echo signal approximating the echo signal of 
the reception signal is produced. 
[0214] The reason that the renewal of the second 

35 filter coefficients Is perfonned in case of a talk state 
other than the double-talk states occurring in the first 
and second state transitions and the voiceless state of 
the reception signal is as follows. Assuming that the 
second filter coefficients are renewed in the double-talk 

40 state of the first or second state transition, the second 
filter coefficients undesirably deteriorate. Also, in case 
of the voiceless state of the reception signal, because 
no echo signal is included in the transmission signal, the 
renewal of the second filter coefficients is not required. 

45 [0215] Thereafter, the echo cancelled transmission 
signal adjusted according to the renewed second filter 
coefficients is produced in the third sulDtracting unit 306 
and is output from the output tenninat 303 to the far-end 
caller through a transmission path. 

50 [0216] Accordingly, because the second filter coeffi- 
cients are con-ectly renewed to produce the third 
pseudo-echo signal approximating the echo signal of 
the reception signal in case of a single-talk state occur- 
ring in the first state transition, even though the single- 

55 talk state is changed to the double-talk state, an echo of 
the far-end caller's voice superposed on a voice of the 
near-end caller in the double-talk state can be property 
cancelled in the third subtracting unit 306 according to 
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the third pseudo-echo signal, so that the deterioration of 
the second fitter coefficients can be suppressed to a 
minimunn. Therefore, the voice of the near-end caller 
can be transmitted at a high speech quality even in the 
double-talk state. 5 
[0217] Also, because the double-talk detecting 
apparatus according to the first or second embodiment 
is used to detect the double-talk state, it is not required 
to judge whether or not the first filter coefficients are suf- 
ficiently converged, and the double-talk state can be io 
reliably detected in the first state transition while lessen- 
ing a detection delay and without depending on any 
environmental conditions. 

EMBODIMENT 7 is 

[0218] Rg. 7 is a block diagram of an echo canceller 
using the double-talk detecting apparatus shown in Fig. 
1 or Fig. 2 according to a seventh embodiment of the 
present invention. 20 
[0219] As shown in Fig. 7, a reference numeral 401 
denotes an input terminal, and the input terminal 401 
receives a reception signal indicating a voice of a far- 
end caller transmitted through a transmission path. 
[0220] A reference numeral 402 denotes an input 25 
terminal, and the input terminal 402 receives an echo 
signal of the reception signal transmitted from an output 
terminal of the reception signal through an echo path of 
a near-end caller's side, according to an acoustic cou- 
pling or the like as a transmission signal in a single-talk 30 
state and receives a transmission signal, in which the 
echo signal is superposed on a near-end caller's voice, 
in a double-talk state. 

[0221] A reference numeral 404 denotes a first 
delaying unit, and the first delaying unit 404 delays the 35 
reception signal received at the input terminal 401 by a 
prescribed time-period T to produce a delayed recep- 
tion signal. 

[0222] A reference numeral 405 denotes a second 
delaying unit, and the second delaying unit 405 delays 40 
the transmission signal received at the input temriinal 
402 by the same prescribed time-period T to produce a 
delayed transmission signal. 

[0223] A reference numeral 406 denotes a first 
adaptive filtering unit having first filter coefficients. The 45 
first adaptive filtering unit 406 renews the first filter coef- 
ficients to make an impulse response based on the first 
filter coefficients approximate an actual impulse 
response of the echo path of the near-end caller's side 
according to an echo cancelled transmission signal, so 
The echo cancelled transmission signal indicates a dif- 
ference between the delayed transmission signal and a 
first pseudo-echo signal obtained from the delayed 
reception signal when no double-talk detecting result 
indicating either the detection of a double-talk state ss 
occurring in the first or second state transition or the 
detection of a voiceless state of the reception signal is 
received. Also, the first adaptive filtering unit 406 per- 
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fonns a convolution calculation of the impulse response 
of the echo path for the delayed reception signal accord- 
ing to the renewed first filter coefficients to produce the 
first pseudo-echo signal. The renewed first filter coeffi- 
cients deteriorate in the double-talk state. 
[0224] A reference numeral 407 denotes a first sub- 
tracting unit. The first subtracting unit 407 subtracts the 
first pseudo-echo signal produced in the first adaptive 
filtering unit 406 from the delayed transmission signal 
produced in the second delaying unit 405 to produce the 
echo cancelled transmission signal in which an echo 
component of the reception signal indicated by the echo 
signal is removed In the single-talk state. Also, The first 
subtracting unit 407 returns the echo cancelled trans- 
mission signal to the first adaptive filtering unit 406 and 
outputs the echo cancelled transmission signal from an 
output terminal 403 to the far-end caller through a trans- 
mission path. 

[0225] A reference numeral 408 denotes a non- 
adaptive filtering unit, the non-adaptive filtering unit 408 
receives the renewed first filter coefficients, which is 
based on the reception signal received at the input ter- 
minal 401 at a past time prior to the current time by the 
prescribed time-period T, from the first adaptive filtering 
unit 406 and perfomris a convolution calculation of the 
impulse response of the echo path for the reception sig- 
nal currently received at the input terminal 401 accord- 
ing to the renewed first filter coefficients to produce a 
second pseudo-echo signal in which a deterioration fac- 
tor indicating the deterioration of the renewed first fitter 
coefficients is included in the double-talk state. 
[0226] A reference numeral 409 denotes a second 
subtracting unit, and the second subtracting unit 409 
subtracts the second pseudo-echo signal produced in 
the non-adaptive filtering unit 408 from the transmission 
signal currently received in the Input terminal 402 to pro- 
duce a first residual signal indicating the deterioration of 
the renewed first filter coefficients. 
[0227] A reference numeral 410 denotes a third 
delaying unit, and the third delaying unit 410 delays the 
first residual signal produced in the second subtracting 
unit 409 by the same prescribed time-period T to pro- 
duce a delayed first residual signal. 
[0228] A reference numeral 41 1 denotes a detect- 
ing unit in which the detecting unit 10 according to the 
first embodiment is combined with a conventional dou- 
ble-talk detecting apparatus for detecting a voiceless 
state and a double-talk state occurring in the second 
state transition. The detecting unit 41 1 judges whether 
or not a level ratio of the delayed first residual signal pro- 
duced in the third delaying unit 410 to the echo can- 
celled transmission signal produced in the first 
subtracting unit 407 is equal to or larger than a pre- 
scribed value, detects a double-talk state occurring in 
the first state transition in cases where the level ratio is 
equal to or larger than the prescribed value, and outputs 
the double-talk detecting resutt indicating the detection 
of a double-talk state occun-ing in the first or second 
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state transition or the detection of a voiceless state of 
the reception signal to the first adaptive filtering unit 
406. 

[0229] In the above configuration, an operation of 
the echo canceller is described. 5 
[0230] In the first adaptive filtering unit 406, in 
cases where no double-talk detecting result indicating 
the detection of a double-tall< state occurring in the first 
or second state transition or the detection of a voiceless 
state of the reception signal is received from the detect- 
ing unit 41 1 , the renewal of the first filter coefficients and 
the production of a first pseudo-echo signal are per- 
formed in the same manner as in the first adaptive filter- 
ing unit 5 of the first embodiment. Thereafter, an echo 
cancelled transmission signal produced from the first 
pseudo-echo signal and a delayed transmission signal 
in the first subtracting unit 407 is input to the detecting 
unit 411. 

[0231] Also, a second pseudo-echo signal is pro- 
duced from the reception signal in the non-adaptive fil- 
tering unit 408 according to the renewed first filter 
coefficients transmitted from the first adaptive filtering 
unit 406 in the same manner as that produced in the 
non-adaptive filtering unit 7 of the first embodiment. 
Thereafter, a first residual signal is produced in the sec- 
ond subtracting unit 409 in the same manner as the sec- 
ond residual signal produced in the second subtracting 
unit 8 of the first embodiment, a delayed first residual 
signal is produced in the third delaying unit 410 In the 
same manner as the delayed second residual signa! of 
the first embodiment, and the delayed first residual sig- 
nal is input to the detecting unit 41 1 , 
[0232] In the detecting unit 41 1 , a double-tallc state 
occurring in the first state transition, a double-talk state 
occurring in the second state transition or a voiceless 
state of the reception signal (or no voice of the far-end 
caller) is detected according to the delayed first residual 
signal and the echo cancelled transmission signal, and 
the double-talk detecting result indicating the detection 
of the double-talk state cecum ng in the first or second 
state transition or the detection of the voiceless state of 
the reception signal is output to the first adaptive filter- 
ing unit 406. 

[0233] Accordingly, because the first fitter coeffi- 
cients are correctly renewed to produce the first 
pseudo-echo signal approximating the echo signal of 
the reception signal in case of a single-talk state, even 
though the single-talk state is changed to the double- 
talk state, an echo of the far-end caller's voice super- 
posed on a voice of the near-end caller in the double- 
talk state can be properly cancelled in the first subtract- 
ing unit 407 according to the first pseudo-echo signal, 
so that the deterioration of the first filter coefficients can 
be suppressed to a minimum. Therefore, the voice of 
the near-end caller can be transmitted at a high speech 
quality even in the double-talk state. 
[0234] Also, because the double-talk state in the 
first state transition is detected in the same manner as 



in the first embodiment, it is not required to judge 
whether or not the first filter coefficients are sufficiently 
converged, and the double-talk state can be reliably 
detected in the first state transition while lessening a 
detection delay and without depending on any environ- 
mental conditions. 

[0235] Also, because neither second adaptive filter- 
ing unit 305 nor the third subtracting unit 306 used in the 
sixth embodiment is not required, the echo canceller, in 
which a date processing volume and a memory capacity 
are reduced, can be obtained as compared with that in 
the sixth embodiment. 

EMBODIMENTS 

[0236] Fig. 8 is a block diagram of an echo canceller 
using the double-talk detecting apparatus shown in Fig. 
2 according to an eighth embodiment of the present 
invention. 

[0237] As shown in Fig. 8, a reference numeral 501 
denotes an input terminal, and the input terminal 501 
receives a reception signal indicating a voice of a far- 
end caller transmitted through a transmission path. 
[0238] A reference numeral 502 denotes an input 
temninal, and the input terminal 502 receives an echo 
signal generated from the reception signal, which is 
transmitted from an output terminal of the reception sig- 
nal through an echo path of a near-end caller's side, 
according to an acoustic coupling or the like as a trans- 
mission signal in a single-talk state of the first state tran- 
sition and receives a transmission signal, in which the 
echo signal is superposed on a near-end caller's voice, 
in a double-talk state of the first state transition. 
[0239] A reference numeral 504 denotes a first 
delaying unit, and the first delaying unit 504 delays the 
reception signal received at the input terminal 601 by a 
prescribed time-period T to produce a delayed recep- 
tion signal. 

[0240] A reference numeral 505 denotes a second 
delaying unit, and the second delaying unit 505 delays 
the transmission signal received at the input terminal 
502 by the same prescribed time-period T to produce a 
delayed transmission signal. 

[0241] A reference numeral 506 denotes a first 
adaptive filtering unit having first filter coefficients. The 
first adaptive filtering unit 506 renews the first filter coef- 
ficients to make an impulse response based on the first 
filter coefficients approximate an actual impulse 
response of the echo path of the near-end caller's side 
according to an echo cancelled transmission signal. 
The echo cancelled transmission signal indicates a dif- 
ference between the transmission signal currently 
received and a first pseudo-echo signal obtained from 
the reception signal currently received when no double- 
talk detecting result indicating either the detection of a 
double-talk state occurring in the first or second state 
transition or the detection of a voiceless state of the 
reception signal is received. Also, the first adaptive fil- 
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tering unit 506 performs a convolution calculation of the 
impulse response of the echo path for the reception sig- 
nal currently received according to the renewed first fil- 
ter coefficients to produce the first pseudo*echo signal. 
The renewed first filter coefficients deteriorate in the 5 
double-talk state. 

[0242] A reference numeral 507 denotes a first sub- 
tracting unit, the first subtracting unit 507 subtracts the 
first pseudo-echo signal produced in the first adaptive 
filtering unit 506 from the transmission signal currently 10 
received at the input terminal 502 to produce the echo 
cancelled transmission signal, in which an echo compo- 
nent of the reception signal Indicated by the echo signal 
is removed in the single-talk state, returns the echo can- 
celled transmission signal to the first adaptive filtering is 
unit 506 and outputs the echo cancelled transmission 
signal from an output terminal 503 to the far-end caller 
through a transmission path. 

[0243] A reference numeral 510 denotes a third 
delaying unit, and the third delaying unit 51 0 delays the 20 
echo cancelled transmission signal produced in the first 
subtracting unit 507 by the same prescribed time-period 
T to produce a second residual signal. 
[0244] A reference numeral 508 denotes a non- 
adaptive filtering unit. The non-adaptive filtering unit 25 
508 receives the renewed first filter coefficients, which is 
based on the reception signal received at the input ter- 
minal 501 at the current time, from the first adaptive fil- 
tering unit 506. Also, the non-adaptive filtering unit 508 
performs a convolution calculation of the impulse 30 
response of the echo path for the delayed reception sig- 
nal, which is based on the reception signal received at 
the input terminal 501 at a past time prior to the current 
time by the prescribed time-period T, according to the 
renewed first filter coefficients. Therefore, a second 35 
pseudo-echo signal, in which a deterioration factor indi- 
cating the deterioration of the renewed first filter coeffi- 
cients is included, is produced. 
[0245] A reference numeral 509 denotes a second 
subtracting unit, and the second subtracting unit 509 40 
subtracts the second pseudo-echo signal produced in 
the non-adaptive filtering unit 508 from the delayed 
transmission signal produced in the second delaying 
unit 505 to produce a first residual signal indicating the 
deterioration of the renewed first filter coefficients. 45 
[0246] A reference numeral 51 1 denotes a detect- 
ing unit in which the detecting unit 1 10 according to the 
second embodiment is combined with a conventional 
double-talk detecting apparatus for detecting a voice- 
less state and a double-talk state occurring in the sec- so 
ond state transition. The detecting unit 511 judges 
whether or not a level ratio of the first residual signal 
produced in the second subtracting unit 509 to the sec- 
ond residual signal produced In the third delaying unit 
510 is equal to or larger than a prescribed value, detects ss 
a double-talk state occurring in the first state transition 
in cases where the level ratio is equal to or larger than 
the prescribed value, and outputs the double-talk 



detecting result indicating the detection of a double-talk 
state occurring in the first or second state transition or 
the detection of a voiceless state of the reception signal 
to the first adaptive filtering unit 506. 
[0247] In the above configuration, an operation of 
the echo canceller is described. 
[0248] In the first adaptive filtering unit 506, in 
cases where no double-talk detecting result indicating 
the detection of a double-talk state oocun'ing in the first 
or second state transition or the detection of a voiceless 
state of the reception signal is received from the detect- 
ing unit 41 1 , the renewal of the first filter coefficients and 
the production of a first pseudo-echo signal are per- 
formed in the same manner as in the first adaptive filter- 
ing unit 105 of the second embodiment. Thereafter, an 
echo cancelled transmission signal is produced in the 
first subtracting unit 507 from the first pseudo-echo sig- 
nal and a transmission signal currently received and is 
output from an output terminal 503 to a far-end caller 
through a transmission path, a delayed second residual 
signal is produced in the third delaying unit 510 by 
delaying the echo cancelled transmission signal by the 
prescribed time-period T, and the delayed second resid- 
ual signal is Input to the detecting unit 51 1 . 
[0249] Also, a second pseudo-echo signal is pro- 
duced from the delayed reception signal in the non- 
adaptive filtering unit 508 according to the renewed first 
filter coefficients transmitted from the first adaptive filter- 
ing unit 506 In the same manner as that produced in the 
non-adaptive filtering unit 107 of the second embodi- 
ment. Thereafter, a first residual signal is produced in 
the second subtracting unit 509 in the same manner as 
that produced in the second subtracting unit 108 of the 
second embodiment, and the first residual signal is 
input to the detecting unit 51 1 . 

[0250] In the detecting unit 51 1 , a double-talk state 
occuning in the first state transition, a double-talk state 
oocumng in the second state transition or a voiceless 
state of the reception signal (or no voice of the far-end 
caller) is detected acconding to the first residual signal 
and the delayed second residual signal, and the double- 
talk detecting result indicating the detection of the dou- 
ble-talk state occun-ing in the first or second state tran- 
sition or the detection of the voiceless state of the 
reception signal is output to the first adaptive filtering 
unit 506. 

[0251] Accordingly, because the first filter coeffi- 
cients are correctly renewed to produce the first 
pseudo-echo signal approximating the echo signal of 
the reception signal in case of a single-talk state, even 
though the single-talk state is changed to the double- 
talk state, an echo of the far-end caller's voice super- 
posed on a vok:e of the near-end caller in the double- 
talk state can be properly cancelled in the first subtract- 
ing unit 507 according to the first pseudo-echo signal, 
so that the deterioration of the first filter coefficients can 
be suppressed to a minimum. Therefore, the voice of 
the near-end caller can be transmitted at a high speech 
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quality even in tlie double-talk state. 
[0252] Also, because the double-talk state in the 
first state transition is detected in the same manner as 
in the second embodiment, it is not required to judge 
whether or not the first fitter coefficients are sufficiently 
converged, and the double-talk state can be reliably 
detected in the first state transition while lessening a 
detection delay and without depending on any environ- 
mental conditions. 

[0253] Also, because neither second adaptive filter- 
ing unit 305 nor the third subtracting unit 306 used in the 
sixth embodiment is not required, the echo canceller, in 
which a date processing volume and a memory capacity 
are reduced, can be obtained as compared with that in 
the sixth embodiment. 

[0254] Also, because the echo cancelled transmis- 
sion signal is produced from the transmission signal 
cun-ently received, no delaying operation is performed 
for the echo cancelled transmission signal. Therefore, 
the echo cancelled transmission signal can be promptly 
transmitted to the far-end caller as compared with the 
transmission of the echo cancelled transmission signal 
in the seventh embodiment. 

EMBODIMENTS 

[0255] Fig. 9 is a block diagram of an echo canceller 
using the double-talk detecting apparatus shown in Rg. 
4 according to an eighth embodiment of the present 

invention. 

[0256] As shown in Fig. 9, a reference numeral 601 
denotes an input temninal, and the input temninal 601 
receives a reception signal indicating a vok:e of a far- 
end caller transmitted through a transmission path. 
[0257] A reference numeral 602 denotes an input 
terminal, and the input terminal 602 receives an echo 
signal generated from the reception signal, which is 
transmitted from an output tenninal of the reception sig- 
nal through an echo path of a near-end caller's side, 
according to an acoustic coupling or the like as a trans- 
mission signal in a single-talk state of the first state tran- 
sition and receives a transmission signal, in which the 
echo signal is superposed on a near-end caller's voice, 
in a double-talk state of the first state transition. 
[0258] A reference numeral 606 denotes a first 
adaptive filtering unit having first filter coefficients. The 
first adaptive filtering unit 606 renews the first filter coef- 
ficients to make an impulse response based on the first 
filter coefficients approximate an actual impulse 
response of the echo path of the near-end caller's side 
according to an echo cancelled transmission signal. 
The echo cancelled transmission signal indicates a dif- 
ference between the transmission signal currently 
received and a first pseudo-echo signal obtained from 
the reception signal cun-ently received when no double- 
talk detecting result indicating either the detection of a 
double-talk state occurring in the first or second state 
transition or the detection of a voiceless state of the 



reception signal is received. Also, the first adaptive fil- 
tering unit 606 perfomis a convolution calculation of the 
impulse response of the echo path for the reception sig- 
nal currently received according to the renewed first fil- 
5 ter coefficients to produce the first pseudo-echo signal. 
The renewed first filter coefficients deteriorate in the 
double-talk state. 

[0259] A reference numeral 607 denotes a first sub- 
tracting unit, the first subtracting unit 607 subtracts the 

10 first pseudo-echo signal produced in the first adaptive 
filtering unit 606 from the transmission signal currently 
received at the input terminal 602 to produce the echo 
cancelled transmission signal, in which an echo compo- 
nent of the reception signal indicated by the echo signal 

15 is removed in the single-talk state, returns the echo can- 
celled transmission signal to the first adaptive filtering 
unit 606 and outputs the echo cancelled transmission 
signal from an output terminal 603 to the far-end caller 
through a transmission path. 

20 [0260] A reference numeral 612 denotes a filter 
coefficient storing unit, and the fitter coefficient storing 
unit 612 receives a group of the first filter coefficients 
currently-renewed in the first adaptive filtering unit 606 
each time the group of the first fitter coefficients are 

25 renewed in the first adaptive filtering unit 606 and 
repeatedly stores the group of the renewed first filter 
coefficients, while abandoning the (N+1)-th group of the 
first filter coefficients renewed just before the N renewal 
operations recently perfonned, to always store N groups 

30 of the renewed first filter coefficients recently obtained. 
The i-th group (1=2,3,--, N) of the renewed first filter 
coefficients is obtained just before the (i-l)-th renewed 
first filter coefficients. 

[0261] A reference numeral 613 denotes a filter 

35 coefficient transmission control unit. The filter coeffi- 
cient transmission control unit 613 controls the trans- 
mission of a group of the first filter coefficients currently 
renewed in the first adaptive filtering unit 606. That is, 
the filter coefficient transmission control unit 613 oom- 

40 pares the group of the currently-renewed first fitter coef- 
ficients with the N groups of the first filter coefficients 
stored in the filter coefficient storing unit 612, the filter 
coeffblent transmission control unit 613 abandons the 
group of the currently-renewed first filter coefficients in 

45 cases where it is judged according to a double-talk 
detecting result that the group of the cun-ently-renewed 
first fitter coefficients considerably deteriorates or the 
group of the currently-renewed first filter coefficients is 
almost the same as the N groups of the first filter coeffi- 

50 cients stored in the filter coefficient storing unit 61 2, the 
filter coefficient transmission control unit 613 allows the 
adoption of the group of the cun-ently-renewed first filter 
coefficients in cases where the abandoning of the group 
of the currently-renewed first filter coefficients is not 

55 judged, and the fitter coefficient transmission control 
unit 613 transmits the adoption -allowed group of the 
currently-renewed first filter coefficients to the filter coef- 
ficient storing unit 612 to store the group of the cur- 
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rently-renewed first filter coefficients in the filter 
coefficient storing unit 612 as the first group of the first 
filter coefficients renewed. 

[0262] A reference numeral 608 denotes a non- 
adaptive filtering unit, the non-adaptive filtering unit 608 s 
receives the N-th group of the first filter coefficients from 
the filter coefficient storing unit 612 and perfomns a con- 
volution calculation of the impulse response of the echo 
path for the reception signal currently received at the 
input terminal 601, according to the N-th group of the io 
renewed first filter coefficients to produce a second 
pseudo-echo signal In which a deterioration factor indi- 
cating the deterioration of the renewed first filter coeffi- 
cients is included. N times of the renewal time-period is 
equivalent to the prescribed time-period T. is 
[0263] A reference numeral 609 denotes a second 
subtracting unit, and the second subtracting unit 609 
subtracts the second pseudo-echo signal produced in 
the non-adaptive filtering unit 608 from the transmission 
signal currently received at the input terminal 602 to 20 
produce a first residual signal indicating the deteriora- 
tion of the renewed first filter coefficients. 
[0264] A reference numeral 61 1 denotes a detect- 
ing unit. The detecting unit 61 1 judges whether or not a 
level ratio of the first residual signal produced in the sec- 25 
ond subtracting unit 609 to the echo cancelled transmis- 
sion signal produced in the first subtracting unit 607 is 
equal to or larger than a prescribed value, the detecting 
unit 61 1 detects a talk state as a double-talk state in 
cases where the level ratio is equal to or larger than the 30 
prescribed value, and the detecting unit 61 1 outputs the 
double-talk detecting result to the fitter coefficient trans- 
mission control unit 613 and the first adaptive filtering 
unit 606. 

[0265] In the above configuration, an operation of 05 
the echo canceller is described. 
[0266] In the first adaptive filtering unit 606, in 
cases where no double-talk detecting result indicating 
the detection of a double-talk state occumng in the first 
or second state transition or the detection of a voiceless 40 
state of the reception signal is received from the detect- 
ing unit 61 1 , the renewal of the first filter coefficients and 
the production of a first pseudo-echo signal are per- 
formed in the same manner as in the first adaptive filter- 
ing unit 105 of the second embodiment. Thereafter, an 45 
echo cancelled transmission signal is produced in the 
first subtracting unit 607 from the first pseudo-echo sig- 
nal and a transmission signal cun-ently received. The 
echo cancelled transmission signal is output from an 
output terminal 603 to a far-end caller through a trans- so 
mission path and is input to the detecting unit 61 1 . Also, 
the group of the first filter coefficients currently-renewed 
is sent to the filter coefficient transmission control unit 
613. 

[0267] Thereafter, in the control unit 61 3, the group 55 
of the currently-renewed first filter coefficients Is aban- 
doned or adopted in the same manner as in the filter 
coefficient transmission control unit 213 of the fourth 



embodiment, the adopted group of the cun'ently- 
renewed first filter coefficients is transmitted to the filter 
coefficient storing unit 61 2 to always store N groups of 
the first filter coefficients recently renewed in the first 
adaptive filtering unit 606 in the same manner as the 
storing of the filter coefficient storing unit 212 of the 
fourth embodiment. 

[0268] Thereafter, in the non-adaptive filtering unit 
608, a second pseudo-echo signal Is produced from a 

reception signal currently received at the input terminal 
601 according to the N-th group of the first filter coeffi- 
cients oldest in the storing un'rt 612 in the same manner 
as in the non-adaptive filtering unit 207 of the fourth 
embodiment, a first residual signal is produced in the 
second subtracting unit 609 from a transmission signal 
currently received and the second pseudo-echo signal, 
and the double-talk state is detected according to the 
echo cancelled transmission signal and the first residual 
signal in the same manner as in the fourth embodiment. 
[0269] Accordingly, because the first filter coeffi- 
cients are correctly renewed to produce the first 
pseudo-echo signal approximating the echo signal of 
the reception signal in case of a single-talk state, even 
though the single-talk state is changed to the double- 
talk state, an echo of the far-end caller's voice super- 
posed on a voice of the near-end caller in the double- 
talk state can be properly cancelled in the first subtract- 
ing unit 607 according to the first pseudo-echo signal, 
so that the deterioration of the first filter coefficients can 
be suppressed to a minimum. Therefore, the voice of 
the near-end caller can be transmitted at a high speech 
quality even in the double-talk state. 
[0270] Also, because the double-talk state in the 
first state transition Is detected in the same manner as 
in the second embodiment, it is not required to judge 
whether or not the first fitter coefficients are sufficiently 
converged, and the double-talk state can be reliably 
detected in the first state transition while lessening a 
detection delay and without depending on any environ- 
mental conditions. 

[0271 ] Also, because neither second adaptive filter- 
ing unit 305 nor the third subtracting unit 306 used in the 
sixth embodiment is not required, the echo canceller, in 
which a date processing volume and a memory capacity 
are reduced, can be obtained as compared with that in 
the sixth embodiment. 

[0272] Also, because the echo cancelled transmis- 
sion signal and the first residual signal used for the 
detection of the double-talk state are produced from the 
transmission signal and reception signal cun'ently 
received without using any delaying unit, the transition 
to the double-talk state can be promptly detected as 
compared with in the seventh and eighth embodiments. 
[0273] In this embodiment, the echo canceller is 
obtained by using the double-talk detecting apparatus of 
the fourth embodiment. However, it is applicable that the 
echo canceller be obtained by using the double-talk 
detecting apparatus of the third or fifth embodiment. 
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EMBODIMENT 10 

[0274] Fig. 10 is a block diagram of an echo sup- 
pressor using the double-talk detecting apparatus 
shown in Fig. 1 or Fig. 2 according to a tenth embodi- 5 
ment of the present invention. 

[0275] As shown in Fig. 10, a reference numeral 
705 denotes a double-talk state detecting unit» and the 
double-talk state detecting unit 705 has the same con- 
figuration and function as the double-talk state detecting 
unit 304 of the sixth embodiment. 
[0276] A reference numeral 706 denotes an attenu- 
ation control unit, and the attenuation control unit 706 
receives a double-talk detecting result indicating the 
detection of the double-talk state occurring in the first or 
second state transition or the detection of the voiceless 
state of the reception signal from the double-talk state 
detecting unit 705, generates a transmission attenua- 
tion control signal indicating an attenuation degree of a 
transmission signal received at an input terminal 702 
according to the double-talk detecting result, and gener- 
ates a reception attenuation control signal indicating an 
attenuation degree of a reception signal received at an 
input terminal 701 according to the double-talk detect- 
ing result. 

[0277] A reference numeral 707 denotes a first 
attenuating unit, and the first attenuating unit 707 atten- 
uates an amplitude of the transmission signal according 
to the transmission attenuation control signal generated 
In the attenuation control unit 706 to produce an attenu- 
ated transmission signal. 

[0278] A reference numeral 708 denotes a second 
attenuating unit, and the second attenuating unit 708 
attenuates an amplitude of the reception signal accord- 
ing to the reception attenuation control signal generated 
in the attenuation control unit 706 to produce an attenu- 
ated reception signal. 

[0279] In the above configuration, an operation of 
the echo suppressor is described. 
[0280] In the attenuation control unit 706, a trans- 
mission attenuation control signal and a receiving atten- 
uation control signal are generated according to an 
attenuation correspondence indicated in Table 1/G.164 
of International Telecommunication Union (ITU)-T Rec- 
ommendation G.I 64. In detail, in cases where the dou- 
ble-talk detecting result indicates the double-talk state, 
the transmission attenuation control signal indicates an 
attenuation degree con^espondlng to an amplitude of 
the transmission signal, and the reception attenuation 
control signal Indicates a fixed attenuation degree such 
as -6 dB. Also, in cases where no double-talk detecting 
result is input to the attenuation control unit 706, 
because a talk state is in the single-talk state, the trans- 
mission attenuation control signal Indicates a fixed 
attenuation degree such as -50 dB, and the reception 
attenuation control signal indicates no attenuation. 
[0281 ] Thereafter, the transmission signal is attenu- 
ated in the first attenuating unit 707 according to the 



transmission attenuation control signal, and an attenu- 
ated transmission signal is transmitted from an output 
temiinal 704 to the far-end caller through a transmission 
path. 

[0282] Also, in the second attenuating unit 708, the 
reception signal is attenuated according to the transmis- 
sion attenuation control signal in case of the double-talk 
state, and a far-end caller's voice indicated by an atten- 
uated reception signal is received by the near-end 
caller. In case of the single-talk state, because only a 
far-end caller's voice exists, the far-end caller's voice not 
attenuated is received by the near-end caller. 
[0283] Accordingly, because the attenuation 
degrees of the transmission signal and the reception 
signal are adjusted according to the attenuation control 
signals, an echo of a far-end caller's voice can be sup- 
pressed in the double-talk state while reducing the inter- 
ruption (or chopping) of a conversation. 
[0284] Also, the conversation can be perfonmed at a 
high speech quality. 

[0285] Also, because the double-talk state in the 
first state transition is detected in the same manner as 
in the first or second embodiment, it is not required to 
judge whether or not the first filter coefficients are suffi- 
ciently converged, and the double-talk state can be reli- 
ably detected in the first state transition while lessening 
a detection delay and without depending on any envi- 
ronmental conditions. 

INDUSTRIAL APPLICABILITY 

[0286] As described above, the double-talk detect- 
ing apparatus, the echo canceller and the echo sup- 
pressor according to the present invention is suitable to 
detect the double-talk state, cancel an echo occurring 
on the near-end caller's side or suppress the echo, in 
the two-way communication system in which a near-end 
caller and a far-end caller communicate with each other 
through a transmission path, in cases where the single- 
talk state based on a voice of the far-end caller is 
changed to the double-talk state in which a voice of the 
near-end caller is added to the voice of the far-end 
caller. 

Claims 

1. A double-talk detecting apparatus for detecting a 
double-talk state changed from a single-talk state, 
comprising: 

first adaptive filtering means for renewing first 
filter coefficients according to both a first resid- 
ual signal, which is obtained from a transmis- 
sion signal, indicates an echo component 
derived from a reception signal in the single- 
talk state and indicates the superposition of the 
echo component and a voice of a first caller in 
the double-talk state, and a first pseudo-echo 
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signal, which approximates the echo compo- 
nent, and producing the first pseudo-echo sig- 
nal from the reception signal according to the 
first fitter coefficients renewed, the first filter 
coefficients deteriorating in the double-talk 5 
state; 

non-adaptive filtering means for producing a 
second pseudo-echo signal, in which a deterio- 
ration factor indicating the deterioration of the 
first filter coefficients renewed is included in the 10 
double-talk state, from the reception signal 
according to the first filter coefficients which are 
renewed by the first adaptive filtering means 
according to the first residual signal; 
delaying means for delaying, by a prescribed is 
time-period, the reception signal which corre- 
sponds to a past time prior to a current time by 
the prescribed time-period and is input to the 
first adaptive filtering means, the reception sig- 
nal which corresponds to the past time and is 20 
input to the non-adaptive filtering means or the 
transmission of the first filter coefficients 
renewed by the first adaptive filtering means at 
the past time to the non-adaptive filtering 
means to make the first adaptive filtering 25 
means produce the first pseudo-echo signal 
corresponding to the past time, to make the 
non-adaptive filtering means produce the sec- 
ond pseudo-echo signal con^esponding to the 
past time or to produce the first filter coeffi- 30 
cients con-esponding to the past time; 
first subtracting means for subtracting the first 
pseudo-echo signal produced by the first adap- 
tive filtering means from the transmission sig- 
nal corresponding to the current or past time, 35 
which is the same as that of the first pseudo- 
echo signal, to produce the first residual signal, 
which does not have the echo component 
included in the transmission signal in the sin- 
gle-talk state, and transmitting the first residual 40 
signal to the first adaptive filtering means; 
second subtracting means for subtracting the 
second pseudo-echo signal produced by the 
non-adaptive filtering means from the transmis- 
sion signal corresponding to the cun'ent or past 45 
time, which is the same as that of the second 
pseudo-echo signal, to produce a second 
residual signal which indicates the deteriora- 
tion factor in the double-talk state and approxi- 
mates the first residual signal in the single-talk so 
state; and 

detecting means for detecting the double-talk 
state according to a difference between the 
second residual signal produced by the second 
subtracting means and the first residual signal ss 
produced by the first subtracting means. 

2. A double-talk detecting apparatus according to 



claim 1 , wherein the delaying means comprises: 

first delaying means for receiving the reception 
signal corresponding to the past time and 
delaying the reception signal by the prescribed 
time-period to produce a delayed reception sig- 
nal, the first pseudo-echo signal being pro- 
duced from the delayed reception signal by the 
first adaptive filtering means; and 
second delaying means for receiving the trans- 
mission signal corresponding to the past time 
from the first caller and delaying the transmis- 
sion signal by the prescribed time-period to 
produce a delayed transmission signal, the first 
pseudo-echo signal being subtracted from the 
delayed transmission signal by the first sub- 
tracting means, 

the second pseudo-echo signal is produced 
from the reception signal corresponding to the 
current time by the non-adaptive filtering 
means, 

the second pseudo-echo signal is subtracted 
from the transmission signal con^esponding to 
the current time by the second subtracting 

means, 

the first filter coefficients renewed by the first 
adaptive filtering means at the cun-ent time are 
transmitted to the non-adaptive filtering means, 
and 

the double-talk detecting apparatus further 
comprises 

third delaying means for delaying the second 
residual signal produced by the second sub- 
tracting means by the prescribed time-period to 
produce a delayed second residual signal, the 
double-talk state being detected according to 
the difference between the delayed second 
residual signal and the tirst residual signal. 

3. A double-talk detecting apparatus according to 
claim 1, wherein the delaying means comprises: 

first delaying means for receiving the reception 
signal corresponding to the past time and 
delaying the reception signal by the prescribed 
time-period to produce a delayed reception sig- 
nal corresponding to the past time, the second 
pseudo-echo signal being produced from the 
delayed reception signal by tiie non-adaptive 
filtering means; and 

second delaying means for receiving the trans- 
mission signal corresponding to the past time 
from the tirst caller and delaying the transmis- 
sion signal by the prescribed time-period to 
produce a delayed transmission signal, the 
second pseudo-echo signa! being subtracted 
from the delayed transmission signal by the 
second subtracting means, 
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the first pseudo-echo signal is produced from 
the reception signal corresponding to the cur- 
rent time by the first adaptive filtering means, 
the first pseudo-echo signal is subtracted from 
the transmission signal corresponding to the 5 
cun-ent time by the first subtracting means, 
the first filter coefficients renewed by the first 
adaptive filtering means at the cun-ent time are 
transmitted to the non-adaptive filtering means, 
and 10 
the double-talk detecting apparatus further 
comprises 

third delaying means for delaying the first resid- 
ual signal produced by the first subtracting 
means by the prescribed time-period to pro- is 
duce a delayed first residual signal, the double- 
talk state being detected according to the dif- 
ference between the second residual signal 
and the delayed first residual signal. 

20 

A double-talk detecting apparatus according to 
claim 1, wherein the delaying means comprises: 

filter coefficient storing means for storing a 
group of the first filter coefficients renewed by 2S 
the first adaptive filtering means each time the 
group of the first fitter coefficients is renewed by 
the first adaptive filtering means and outputting 
the group of the first filter coefficients corre- 
sponding to the past time to the non-adaptive 30 
filtering means, the second pseudo-echo signal 
being produced from the reception signal cor- 
responding to the current time according to the 
first filter coefficients con^esponding to the past 
time, the first pseudo-echo signal is produced 35 
from the reception signal corresponding to the 
cun-ent time by the first adaptive filtering 
means, 

the, first pseudo-echo signal is subtracted from 
the transmission signal corresponding to the 40 
cun-ent time by the first subtracting means, and 
the second pseudo-echo signal is subtracted 
from the transmission signal corresponding to 
the cun-ent time by the second subtracting 
means. 45 

A double-talk detecting apparatus according to 
claim 4, further comprising: 

filter coefficient transmission control means for so 
controlling the transmission of a group of the 
first filter coefficients renewed by the first adap- 
tive filtering means to the filter coeffteient stor- 
ing means according to a double-talk state 
detecting result obtained by the detecting 55 
means each time the group of the first fitter 
coefficients is renewed by the first adaptive fil- 
tering means, the group of the first filter coeffi- 



cients being stored in the fitter coefficient 
storing means in cases where the group of the 
first filter coefficients is adopted by the filter 
coefficient transmission control means. 

6. A double-talk detecting apparatus according to 
daim 4, wherein the non-adaptive filtering means 
comprises 

N non-adaptive filtering units (N is an integer) 
for respectively producing a j-th pseudo-echo 
signal 0=2,3,--, N+1), in which a deterioration 
factor indicating the deterioration of the first fil- 
ter coefficients renewed is included in the dou- 
ble-talk state, from the reception signal 
corresponding to the current time according to 
one group of the first filter coefficients stored in 
the filter coefficient storing means, the N 
groups of the first filter coefficients being differ- 
ent from each other, and 
the second subtracting means comprises 
N second subtracting units, connected with the 
N non-adaptive filtering units in one-to-one cor- 
respondence, for respectively subtracting the j- 
th pseudo-echo signal produced by the corre- 
sponding non-adaptive filtering unit from the 
transmission signal corresponding to the cur- 
rent time to produce a j-th residual signal which 
indicates the deterioration factor in the double- 
talk state and approximates the first residual 
signal in the single-talk state, the doubte-talk 
stale being detected by the detecting means 
according to a difference between the first 
residual signal and a group of one or more 
residual signals selected from the N residual 
signals. 

7. A double-talk detecting apparatus according to 
claim 5, wherein the non-adaptive filtering means 
comprises 

N non-adaptive filtering units (N is an integer) 
for respectively producing a j-th pseudo-echo 
signal 0=2,3,--, N+1), in which a deterioration 
factor indicating the deterioration of the first fil- 
ter coefficients renewed is included in the dou- 
ble-talk state, from the reception signal 
corresponding to the cun-ent time according to 
one group of the first filter coefficients stored in 
the filter coefficient storing means, the N 
groups of the first filter coefficients being differ- 
ent from each other, and 
the second subtracting means comprises 
N second subtracting units, connected with the 
N non-adaptive filtering units in one-to-one cor- 
respondence, for respectively subtracting the j- 
th pseudo-echo signal produced by the corre- 
sponding non-adaptive filtering unit from the 



33 



EP 1 071 225 A1 



66 



65 

transmission signal corresponding to the cur- 
rent time to produce a j-th residual signal which 
indicates the deterioration factor in the double- 
talk state and approximates the first residual 
signal in the single-talk state, the double-talk 5 
state being detected by the detecting means 
according to a difference between the first 
residual signal and a group of one or more 
residual signals selected from the N residual 
signals. lo 

8. An echo canceller, comprising: 

first adaptive filtering means for renewing first 
filter coefficients according to both a first resid- is 
ual signal, which is obtained from a transmis- 
sion signal, indicates an echo component 
derived from a reception signal in a single-taik 
state and indicates the superposition of the 
echo component and a voice of a first caller in 20 
a double-talk state, and a first pseudo-echo 
signal, which approximates the echo compo- 
nent, and producing the first pseudo-echo sig- 
nal from the reception signal according to the 
first filter coefficients renewed, the first filter 2S 
coefficients deteriorating in the double-talk 
state; 

non-adaptive filtering means for producing a 
second pseudo-echo signal, in which a deterio- 
ration factor indicating the deterioration of the 30 
first filter coefficients renewed is included in the 
double-talk state, from the reception signal 
according to the first filter coefficients which are 
renewed by the first adaptive filtering means 
according to the first residual signal; 35 
delaying means for delaying, by a prescribed 
time-period, the reception signal which corre- 
sponds to a past time prior to a current, time by 
the prescribed time-period and is input to the 
first adaptive filtering means, the reception sig- 40 
nal which corresponds to the past time and is 
input to the non-adaptive filtering means or the 
transmission of the first filter coefficients 
renewed by the first adaptive filtering means at 
the past time to the non-adaptive filtering 45 
means to make the first adaptive filtering 
means produce the first pseudo-echo signal 
corresponding to the past time, to make the 
non-adaptive filtering means produce the sec- 
ond pseudo-echo signal corresponding to the so 
past time or to produce the first filter coeffi- 
cients con-esponding to the past time; 
first subtracting means for subtracting the first 
pseudo-echo signal produced by the first adap- 
tive filtering means from the transmission sig- ss 
nal corresponding to the current or past time, 
which is the same as that of the first pseudo- 
echo signal, to produce the first residual signal 



which does not have the echo component 
included in the transmission signal in the sin- 
gle-talk state and transmitting the first residual 
signal to the first adaptive filtering means; 
second subtracting means for subtracting the 
second pseudo-echo signal produced by the 
non-adaptive filtering means from the transmis- 
sion signal corresponding to the current or past 
time, which is the same as that of the second 
pseudo-echo signal, to produce a second 
residual signal which indicates the deteriora- 
tion factor in the double-talk state and approxi- 
mates the first residual signal in the single-talk 
state; 

detecting means for detecting the double-talk 
state or the single-talk state according to a dif- 
ference between the second residual signal 
produced by the second subtracting means 
and the first residual signal produced by the 
first subtracting means and outputting a talk 
state detecting signal indicating the detection 
of the double-talk state or the detection of the 
single-talk state; 

second adaptive filtering means for renewing 
second filter coefficients according to an echo 
cancelled transmission signal obtained from 
the transmission signal of the cunrent time and 
a third pseudo-echo signal approximating the 
echo component, in cases where the talk state 
detecting signal indicating the detection of the 
single-talk state is received from the detecting 
means, and producing the third pseudo-echo 
signal corresponding to the current time from 
the reception signal of the current time accord- 
ing to the second filter coefficients; and 
third subtracting means for subtracting the third 
pseudo-echo signal produced by the second 
adaptive filtering means from the transmission 
signal of the current time to produce the echo 
cancelled transmission signal, in which the 
echo component included in the transmission 
signal is removed, sending the echo cancelled 
transmission signal to the second adaptive fil- 
tering means to make the second adaptive fil- 
tering means renew the second filter 
coefficients and outputting the echo cancelled 
transmission signal. 

9. An echo canceller according to claim 8, wherein the 
delaying means comprises: 

first delaying means for receiving the reception 
signal corresponding to the past time and 
delaying the reception signal by the prescribed 
time-period to produce a delayed reception sig- 
nal, the first pseudo-echo signal being pro- 
duced from the delayed reception signal by the 
first adaptive filtering means; and 
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second delaying means for receiving the trans- 
mission signal corresponds to the past time 
from the first caller and delaying the transmis- 
sion signal by the prescribed time-period to 
produce a delayed transmission signal, the first $ 
pseudo-echo signal being subtracted from the 
delayed transmission signal by the first sub- 
tracting means, 

the second pseudo-echo signal Is produced 
from the reception signal con-esponding to the w 
cun'ent time by the non-adaptive filtering 
means, 

the second pseudo-echo signal is subtracted 
from the transmission signal corresponding to 
the cun-ent time by the second subtracting is 
means, 

the first filter coefficients renewed by the first 
adaptive filtering means at the current time are 
transmitted to the non-adaptive filtering means, 
and 20 
the echo canceller further comprises 
third delaying means for delaying the second 
residual signal produced by the second sub- 
tracting means by the prescribed time-period to 
produce a delayed second residual signal, the 25 
double-talk state being detected according to 
the difference between the delayed second 
residual signal and the first residua! signal. 

1 0. An echo canceller according to claim 8, wherein the 30 
delaying means comprises: 

first delaying means for receiving the reception 
signal corresponding to the past time and 
delaying the reception signal by the prescribed 35 
time-period to produce a delayed reception sig- 
nal con-esponding to the past time, the second 
pseudo-echo signal being produced from the 
delayed reception signal by the non-adaptive 
filtering means; and 40 
second delaying means for receiving the trans- 
mission signal corresponds to the past time 
from the first caller and delaying the transmis- 
sion signal by the prescribed time-period to 
produce a delayed transmission signal, the 45 
second pseudo-echo signal being subtracted 
from the delayed transmission signal by the 
second subtracting means, 
the first pseudo-echo signal is produced from 
the reception signal con-esponding to the cur- so 
rent time by the first adaptive filtering means, 
the first pseudo-echo signal is subtracted from 
the transmission signal corresponding to the 
cun'ent time by the first subtracting means, 
the first filter coefficients renewed by the first 55 
adaptive filtering means at the cun-ent time are 
transmitted to the non-adaptive filtering means, 
and 



the echo canceller further comprises 
third delaying means for delaying the first resid- 
ual signal produced by the first subtracting 
means by the prescribed time-period to pro- 
duce a delayed first residual signal, the double- 
talk state being detected according to the dif- 
ference between the second residual signal 
and the delayed first residual signal. 

1 1. An echo canceller according to claim 8, wherein the 
delaying means comprises: 

filter coefficient storing means for storing a 
group of the first filter coefficients renewed by 
the first adaptive filtering means each time the 
group of the first filter coefficients is renewed by 
the first adaptive filtering means and outputting 
the group of the first filter coefficients con-e- 
sponding to the past time to the non-adaptive 
filtering means, the second pseudo-echo signal 
being produced from the reception signal cor- 
responding to the current time according to the 
first filter coefficients corresponding to the past 
time, 

the first pseudo-echo signal is produced from 
the reception signal corresponding to the cur- 
rent time by the first adaptive filtering means, 
the first pseudo-echo signal is subtracted from 
the transmission signal con-esponding to the 
current time by the first subtracting means, and 
the second pseudo-echo signal is subtracted 
from the transmission signal con'esponding to 
the current time by the second subtracting 
means. 

12. An echo canceller according to claim 11, further 
comprising: 

filter coefficient transmission control means for 
controlling the transmission of a group of the 
first filter coefficients renewed by the first adap- 
tive filtering means to the filter coefficient stor- 
ing means according to the talk state detecting 
signal output from the detecting means each 
time the group of the first filter coefficients is 
renewed by the first adaptive filtering means, 
the group of the first filter coefficients being 
stored in the filter coefficient storing means in 
cases where the group of the first fitter coeffi- 
cients is adopted by the filter coefficient trans- 
mission control means. 

13. An echo canceller according to claim 11, wherein 
the non-adaptive filtering means comprises 

N non-adaptive filtering units (N is an integer) 
for respectively producing a j-th pseudo-echo 
signal (j=2,3,", N+1 ), in which a deterioration 
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factor indicating the deterioration of the first fil- 
ter coefficients renewed is included in the dou- 
ble-tall( state, from the reception signal 
corresponding to the current time according to 
one group of the first filter coefTicients stored in 5 
the filter coefficient storing means, the N 
groups of the first filter coefficients being differ- 
ent from each other, and 
the second subtracting means comprises 
N second subtracting units, connected with the 10 
N non-adaptive filtering units in one-to-one cor- 
respondence, for respectively subtracting the j- 
th pseudo-echo signal produced by the corre- 
sponding non-adaptive filtering unit from the 
transmission signal corresponding to the cur- is 
rent time to produce a j-th residual signal which 
indicates the deterioration factor in the double- 
talk state and approximates the first residual 
signal in the single-talk state, the double-talk 
state being detected by the detecting means 20 
according to a difference between the first 
residual signal and a group of one or more 
residual signals selected from the N residual 
signals. 

25 

14. An echo canceller according to claim 12, wherein 
the non-adaptive filtering means comprises 

N non-adaptive filtering units (N is an integer) 
for respectively producing a j-th pseudo-echo 30 
signal 0=2,3,-, N-j-1), in which a deterioration 
factor indicating the deterioration of the first fil- 
ter coeffrcients renewed is included In the dou- 
ble-talk state, from the reception signal 
corresponding to the current time according to 35 
one group of the first filter coefficients stored in 
the filter coefficient storing means, the N 
groups of the first filter coefficients being differ- 
ent from each other, and 

the second subtracting means comprises 40 
N second subtracting units, connected with the 
N non-adaptive filtering units in one-to-one cor- 
respondence, for respectively subtracting the j- 
th pseudo-echo signal produced by the corre- 
sponding non-adaptive filtering unit from the 45 
transmission signal con-esponding to the cur- 
rent time to produce a j-th residual signal which 
indrcates the deterioration factor in the double- 
talk state and approximates the first residual 
signal in the single-talk state, the double-talk so 
state being detected by the detecting means 
according to a difference between the first 
residual signal and a group of one or more 
residual signals selected from the N residual 
signals. ss 

15. An echo canceller, comprising: 



first adaptive filtering means for renewing first 
filter coefficients according to an echo can- 
celled transmission signal, which is obtained 
from a transmission signal, Indtoates an echo 
component derived from a reception signal in a 
single-talk state and indicates the superposi- 
tion of the echo component and a voice of a 
first caller in a double-talk state, and a first 
pseudo-echo signal, which approximates the 
echo component, in cases where a talk state 
detecting signal indicating the detection of the 
single-talk state is received, and producing the 
tirst pseudo-echo signal from the reception sig- 
nal according to the first filter coefficients 
renewed, the first fitter coefficients deteriorat- 
ing in the double-talk state; 
non-adaptive filtering means for producing a 
second pseudo-echo signal, in which a deterio- 
ration factor indicating the deterioration of the 
first filter coefficients renewed is included in the 
double-talk state, from the reception signal 
according to the first filter coefficients which are 
renewed by the first adaptive filtering means 
according to the echo cancelled transmission 
signal; 

delaying means for delaying, by a prescribed 
time-period, the reception signal which con-e- 
sponds to a past time prior to a current time by 
the prescribed time-period and is input to the 
first adaptive filtering means, the reception sig- 
nal which con-esponds to the past time and is 
input to the non-adaptive filtering means or the 
transmission of the first filter coefficients, which 
are renewed by the first adaptive filtering 
means at the past time, to the non-adaptive fil- 
tering means to make the first adaptive tiltering 
means produce the tirst pseudo-echo signal 
corresponding to the past time, to make the 
non-adaptive filtering means produce the sec- 
ond pseudo-echo signal corresponding to the 
past time or to produce the first filter coeffi- 
cients corresponding to the past time; 
first subtracting means for subtracting the tirst 
pseudo-echo signal produced by the first adap- 
tive tiltering means from the transmission sig- 
nal corresponding to the current or past time, 
which is the same as that of the first pseudo- 
echo signal, to produce the echo cancelled 
transmission signal, whteh does not have the 
echo component included in the transmission 
signal in the single-talk state, and transmitting 
the echo cancelled transmission signal to the 
tirst adaptive tiltering means; 
second subtracting means for subtracting the 
second pseudo-echo signal produced by the 
non-adaptive tiltering means from the transmis- 
sion signal corresponding to the current or past 
time, which is the same as that of the second 
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pseudo-echo signal, to produce a first residual 
signal which indicates the deterioration factor 
In the doubie-talk state and approximates the 
echo cancelled transmission signal in the sin- 
gle-talk state; and 5 
detecting means for detecting the double-talk 
state or the single-talk state according to a dif- 
ference between the first residual signal pro- 
duced by the second subtracting means and 
the echo cancelled transmission signal pro- io 
duced by the first subtracting means and out- 
putting a talk state detecting signal indicating 
the detection of the double-talk state or the talk 
state detecting signal indicating the detection 
of the single-talk state to the first adaptive filter- is 
ing means. 

16. An echo canceller according to claim 15, wherein 
the delaying means comprises: 

20 

first delaying means for receiving the reception 
signal con-esponding to the past time and 
delaying the reception signal by the prescribed 
time-period to produce a delayed reception sig- 
nal, the first pseudo-echo signal being pro- 25 
duced from the delayed reception signal by the 
first adaptive filtering means; and 
second delaying means for receiving the trans- 
mission signal con^esponds to the past time 
from the first caller and delaying the transmis- 30 
sion signal by the prescribed time-period to 
produce a delayed transmission signal, the first 
pseudo-echo signal being subtracted from the 
delayed transmission signal by the first sub- 
tracting means, 35 
the second pseudo-echo signal is produced 
from the reception signal con'esponding to the 
cun-ent time by the non-adaptive filtering 
means, 

the second pseudo-echo signal is subtracted 40 
from the transmission signal corresponding to 
the current time by the second subtracting 
means, 

the first filter coefficients renewed by the first 
adaptive filtering means at the cun-ent time are 45 
transmitted to the non-adaptive filtering means, 
and 

the double-talk detecting apparatus further 
comprises 

third delaying means for delaying the first resid- 50 
ual signal produced by the second subtracting 
means by the prescribed time-period to pro- 
duce a delayed first residual signal, the double- 
talk state being detected according to the dif- 
ference between the delayed first residual sig- 55 
nal and the echo cancelled transmission signal. 

17. An echo canceller according to claim 15, wherein 



the delaying means comprises: 

first delaying means for receiving the reception 
signal corresponding to the past time and 
delaying the reception signal by the prescribed 
time-period to produce a delayed reception sig- 
nal corresponding to the past time, the second 
pseudo-echo signal being produced from the 
delayed reception signal by the non-adaptive 
filtering means; and 

second delaying means for receiving the trans- 
mission signal corresponds to the past time 
from the first caller and delaying the transmis- 
sion signal by the prescribed time-period to 
produce a delayed transmission signal, the 
second pseudo-echo signal being subtracted 
from the delayed transmission signal by the 
second subtracting means, 
the first pseudo-echo signal is produced from 
the reception signal corresponding to the cur- 
rent time by the first adaptive filtering means, 
the first pseudo-echo signal is subtracted from 
the transmission signal con-esponding to the 
current time by the first subtracting means, 
the first filter coefficients renewed by the first 
adaptive filtering means at the cun-ent time are 
transmitted to the non-adaptive filtering means, 
and 

the double-talk detecting apparatus further 
comprises 

third delaying means for delaying the echo can- 
celled transmission signal produced by the first 
subtracting means by the prescribed time- 
period to produce a delayed second residual 
signal, the double-talk state being detected 
according to the difference between the first 
residual signal and the delayed second resid- 
ual signal. 

18. An echo canceller according to claim 16, wherein 
the delaying means comprises: 

filter coefficient storing means for storing a 
group of the first filter coefficients renewed by 
the first adaptive filtering means each time the 
group of the first filter coefficients is renewed by 
the first adaptive filtering means and outputting 
the group of the first fitter coefficients con'e- 
sponding to the past time to the non-adaptive 
filtering means, the second pseudo-echo signal 
being produced from the reception signal cor- 
responding to the current time according to the 
first fitter coefficients corresponding to the past 
time, 

the first pseudo-echo signal is produced from 
the reception signal corresponding to the cur- 
rent time by the first adaptive filtering means, 
the first pseudo-echo signal is subtracted from 
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the transmission signal corresponding to the 
cun'ent time by the first subtracting means, and 
the second pseudo-echo signal is subtracted 
fronn the transnfiission signal corresponding to 
the current time by the second subtracting 5 
means. 

19. An echo canceller according to claim 18, further 
comprising: 

10 

filter coefficient transmission control means for 
controlling the transmission of a group of the 
first filter coefficients renewed by the first adap- 
tive filtering means to the filter coefficient stor- 
ing means according to the talk state detecting 15 
signal output from the detecting means each 
time the group of the first filter coefficients is 
renewed by the first adaptive filtering means, 
the group of the first filter coefficients being 
stored in the filter coefficient storing means in 20 
cases where the group of the first filter coeffi- 
cients is adopted by the filter coefficient trans- 
mission control means. 

20. An echo canceller according to claim 1 8, wherein 25 
the non-adaptive filtering means comprises 

N non-adaptive filtering units (N is an integer) 
for respectively producing a j-th pseudo-echo 
signal Q=2,3,~, N+1), in which a deterioration 30 
factor indicating the deterioration of the first fil- 
ter coefficients renewed is included in the dou- 
ble-talk state, from the reception signal 
corresponding to the current time according to 
one group of the first filter coefficients stored in 35 
the filter coefficient storing means, the N 
groups of the first filter coefficients being differ- 
ent from each other, and 
the second subtracting means comprises 
N subtracting units, connected with the N non- 40 
adaptive filtering units in one-to-one corre- 
spondence, for respectively subtracting the j-th 
pseudo-echo signal produced by the corre- 
sponding non-adaptive filtering unit from the 
transmission signal con'esponding to the cur- 45 
rent time to produce a j-th residual signal which 
indicates the deterioration factor in the double- 
talk state and approximates the echo cancelled 
transmission signal in the single-talk state, the 
double-talk state being detected by the detect- so 
ing means according to a difference between 
the echo cancelled transmission signal and a 
group of one or more residual signals selected 
from the N residual signals. 

55 

21. An echo canceller according to claim 19, wherein 
the non-adaptive filtering means comprises 



225 A1 74 

N non-adaptive filtering units (N is an integer) 
for respectively producing a j-th pseudo-echo 
signal (j=2,3,-, N-i-1), in which a deterioration 
factor indicating the deterioration of the first fil- 
ter coefficients renewed is included in the dou- 
ble-talk state, from the reception signal 
comesponding to the cun-ent time according to 
one group of the first fitter coefficients stored in 
the filter coefficient storing means, the N 
groups of the first filter coefficients being differ- 
ent from each other, and 
the second subtracting means comprises 
N subtracting units, connected with the N non- 
adaptive filtering units in one-to-one con-e- 
spondence, for respectively subtracting the j-th 
pseudo-echo signal produced by the con'e- 
sponding non-adaptive filtering unit from the 
transmission signal conresponding to the cur- 
rent time to produce a j-th residual signal which 
indicates the deterioration factor in the double- 
talk state and approximates the echo cancelled 
transmission signal in the single-talk state, the 
double-talk state being detected by the detect- 
ing means according to a difference between 
the echo cancelled transmission signal and a 
group of one or more residual signals selected 
from the N residual signals. 

22. An echo suppressor, comprising: 

first adaptive filtering means for renewing first 
filter coefficients according to both a first resid- 
ual signal, which is obtained from a transmis- 
sion signal, indicates an echo component 
derived from a reception signal in a single-talk 
state and indicates the superposition of the 
echo component and a voice of a first caller in 
a double-talk state, and a first pseudo-echo 
signal, which approximates the echo compo- 
nent, and producing the first pseudo-echo sig- 
nal from the reception signal according to the 
first filter coefficients renewed, the first filter 
coefficients deteriorating in the double-talk 
state; 

non-adaptive filtering means for producing a 
second pseudo-echo signal, in which a deterio- 
ration factor indicating the deterioration of the 
first filter coefficients renewed is included in the 
double-talk state, from the reception signal 
according to the first filter coefficients which are 
renewed by the first adaptive filtering means 
according to the first residual signal; 
delaying means for delaying, by a prescribed 
time-period, the reception signal which con'e- 
sponds to a past time prior to a current time by 
the prescribed time-period and is input to the 
first adaptive filtering means, the reception sig- 
nal which con^esponds to the past time and is 
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input to the non-adaptive filtering means or the 
transmission of the first filter coefficients, which 
are renewed by the first adaptive filtering 
means at the past time, to the non-adaptive fil- 
tering means to make the first adaptive filtering $ 
means produce the first pseudo-echo signal 
corresponding to the past time, to make the 
non-adaptive filtering means produce the sec- 
ond pseudo-echo signal corresponding to the 
past time or to produce the first filter coeffi- io 
cients corresponding to the past time; 
first subtracting means for subtracting the first 
pseudo-echo signal produced by the first adap- 
tive filtering means from the transmission sig- 
nal corresponding to the current or past time, is 
which is the same as that of the first pseudo- 
echo signal, to produce the first residual signal, 
whteh does not have the echo component 
included in the transmission signal in the sin- 
gle-talk state, and transmitting the first residual 20 
signal to the first adaptive filtering means; 
second subtracting means for subtracting the 
second pseudo-echo signal produced by the 
non-adaptive filtering means from the transmis- 
sion signal con-esponding to the current or past 2S 
time, which Is the same as that of the second 
pseudo-echo signal, to produce a second 
residual signal which indicates the deteriora- 
tion factor in the double-talk state and approxi- 
mates the first residual signal in the single-talk 30 
state; 

detecting means for detecting the double-talk 
state or the single-talk state according to a dif- 
ference between the second residual signal 
produced by the second subtracting means 35 
and the first residual signal produced by the 
first subtracting means and outputting a talk 
state detecting signal indicating the detection 
of the double-talk state or the detection of the 
single-talk state; 40 
attenuation control means for receiving the talk 
state detecting signal from the detecting 
means, generating a transmission attenuation 
control signal indicating an attenuation degree 
of the transmission signal currently received 45 
according to the talk state detecting signal, and 
generating a reception attenuation control sig- 
nal indicating an attenuation degree of the 
reception signal currently received according to 
the talk state detecting signal; so 
first attenuating means for attenuating the 
transmission signal currently received accord- 
ing to the transmission attenuation control sig- 
nal generated by the attenuation control means 
to produce an attenuated transmission signal ss 
and outputting the attenuated transmission sig- 
nal; and 

second attenuating means for attenuating the 



reception signal currently received according to 
the reception attenuation control signal gener- 
ated by the attenuation control means to pro- 
duce an attenuated reception signal and 
outputting the attenuated reception signal. 

23. An echo suppressor according to claim 22, wherein 
the delaying means comprises: 

first delaying means for receiving the reception 
signal corresponding to the past time and 
delaying the reception signal by the prescribed 
time-period to produce a delayed reception sig- 
nal, the first pseudo-echo signal being pro- 
duced from the delayed reception signal by the 
first adaptive filtering means; and 
second delaying means for receiving the trans- 
mission signal corresponding to the past time 
from the first caller and delaying the transmis- 
sion signal by the prescribed time-period to 
produce a delayed transmission signal, the first 
pseudo-echo signal being subtracted from the 
delayed transmission signal by the first sub- 
tracting means, 

the second pseudo-echo signal is produced 
from the reception signal corresponding to the 
current time by the non-adaptive filtering 
means, 

the second pseudo-echo signal is subtracted 
from the transmission signal corresponding to 
the current time by the second subtracting 
means, 

the first filter coefficients renewed by the first 
adaptive filtering means at the cun^ent time are 
transmitted to the non-adaptive filtering means, 
and 

the echo suppressor further comprises 
third delaying means for delaying the second 
residual signal produced by the second sub- 
tracting means by the prescribed time-period to 
produce a delayed second residual signal, the 
double-talk state being detected according to 
the difference between the delayed second 
residual signal and the first residual signal. 

24. An echo suppressor according to claim 22, wherein 
the delaying means comprises: 

first delaying means for receiving the reception 
signal corresponding to the past time and 
delaying the reception signal by the prescribed 
time-period to produce a delayed reception sig- 
nal corresponding to the past time, the second 
pseudo-echo signal being produced from the 
delayed reception signal by the non-adaptive 
filtering means; and 

second delaying means for receiving the trans- 
mission signal corresponds, to the past time 
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from the first caller and delaying the transmis- 
sion signal by the prescribed time-period to 
produce a delayed transmission signal, the 
second pseudo-echo signal being subtracted 
from the 5 
delayed transmission signal by the second sub- 
tracting means, 

the first pseudo-echo signal is produced from 
the reception signal con-esponding to the cur- 
rent time by the first adaptive filtering means, io 
the first pseudo-echo signal is subtracted from 
the transmission signal corresponding to the 
cun^ent time by the first subtracting means, 
the first filter coefficients renewed by the first 
adaptive filtering means at the current time are 75 
transmitted to the non-adaptive filtering means, 
and 

the echo suppressor further comprises 
third delaying means for delaying the first resid- 
ual signal produced by the first subtracting 20 
means by the prescribed time-period to pro- 
duce a delayed first residual signal, the double- 
talk state being detected according to the dif- 
ference between the second residual signal 
and the delayed first residual signal 2S 

25. An echo suppressor according to claim 22, wherein 
the delaying means comprises: 

filter coefficient storing means for storing a 30 
group of the first filter coefficients renewed by 
the first adaptive filtering means each time the 
group of the first filter coefficients Is renewed by 
the first adaptive filtering means and outputting 
the group of the first filter coefficients corre- 35 
spending to the past time to the non-adaptive 
filtering means, the second pseudo-echo signal 
being produced from the reception signal cor- 
responding to the cun^enttime according to the 
first filter coefficients corresponding to the past 40 
time, the first pseudo-echo signal is produced 
from the reception signal corresponding to the 
current time by the first adaptive filtering 
means, 

the first pseudo-echo signal is subtracted from 4S 
the transmission signal corresponding to the 
current time by the first subtracting means, and 
the second pseudo-echo signal is subtracted 
from the transmission signal corresponding to 
the current time by the second subtracting so 
means. 

26. An echo suppressor according to claim 25, further 
comprising: 

55 

filter coefficient transmission control means for 
controlling the transmission of a group of the 
first filter coefficients renewed by the first adap- 



tive filtering means to the filter coefficient stor- 
ing means according to the talk state detecting 
signal output from the detecting means each 
time the group of the first filter coefficients Is 
renewed by the first adaptive filtering means, 
the group of the first filter coefficients being 
stored in the filter coefficient storing means in 
cases where the group of the first filter coeffi- 
cients is adopted by the fitter coefficient trans- 
mission control means. 

27. An echo suppressor according to claim 25, wherein 
the non-adaptive filtering means comprises 

N non-adaptive filtering units (N is an integer) 
for respectively producing a j-th pseudo-echo 
signal 0=2,3,--, N+1), in which a deterioration 
factor indicating the deterioration of the first fil- 
ter coefficients renewed is included In the dou- 
ble-talk state, from the reception signal 
corresponding to the cun-ent time according to 
one group of the first filter coefficients stored in 
the filter coefficient storing means, the N 
groups of the first filter coefficients being differ- 
ent from each other, and 
the second subtracting means comprises 
N second subtracting units, connected with the 
N non-adaptive filtering units in one-to-one cor- 
respondence, for respectively subtracting the j- 
th pseudo-echo signal produced by the corre- 
sponding non-adaptive filtering unit from the 
transmission signal corresponding to the cur- 
rent time to produce a j-th residual signal which 
indicates the deterioration factor in the double- 
talk state and approximates the first residual 
signal in the single-talk state, the double-talk 
state being detected by the detecting means 
according to a difference between the first 
residual signal and a group of one or more 
residual signals selected from the N residual 
signals. 

28. An echo suppressor according to claim 26, wherein 
the non-adaptive filtering means comprises 

N non-adaptive filtering units (N is an integer) 
for respectively producing a j-th pseudo-echo 
signal 0=2,3,-, N+1), in which a deterioration 
factor Indicating the deterioration of the first fil- 
ter coefficients renewed is included in the dou- 
ble-talk state, from the reception signal 
corresponding to the current time according to 
one group of the first filter coefficients stored in 
the filter coefficient storing means, the N 
groups of the first filter coefficients being differ- 
ent from each other, and 
the second subtracting means comprises 
N second subtracting units, connected with the 
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N non-adaptive filtering units in one-to-one cor- 
respondence, for respectively subtracting the j- 
th pseudo-echo signal produced by the corre- 
sponding non-adaptive filtering unit from the 
transmission signal corresponding to the cur- 5 
rent time to produce a j-th residual signal which 
indicates the deterioration factor in the double- 
talk state and approximates the first residual 
signal in the single-talk state, the double-talk 
state being detected by the detecting means w 
according to a difference between the first 
residual signal and a group of one or more 
residual signals selected from the N residual 
signals. 
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